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Science Centre, 35 Clarence Street, Sydney on Monday 28th March 1977 at 
7.45 p.m. 


Dr. Barbara G. Briggs occupied the Chair. The minutes of the 
one-hundred-and-first Annual General Meeting (31st March 1976) were read 
and confirmed. 


REPORT ON THE AFFAIRS OF THE SOCIETY FOR THE YEAR 1976 


Publications 


The Society’s Proceedings were published on the following dates during 
the year : 


Vol. 100 Part 4—25th March 1976 
Vol. 101 Part 1—9th September 1976 
Vol. 101 Part 2—16th March 1977 


The cost of publishing the Proceedings was as follows 


$ 

Blockmaking Subscriptions .. Bt 3,251 

(Illustrations) ae 1,041 Miscellaneous Sales .. 766 
Printing ae we, 4,929 Reprint Sales oe 1,158 
Postage al ae 1,022 
Cost of Printing 

Reprints ae 1,160 

Membership 


During the year 13 new members were elected to membership of the Society 
and 11 resigned. The numerical strength of the Society as at 1st March 1977 
was 262 Ordinary Members; 26 Life Members; 5 Corresponding Members ; 
total 293. Council noted with regret the deaths of Dr. A. B. Walkom, Dr. Ida 
Browne, Dr. R. Basden and Dr. C. E. M. Gunther. 


Dr. A. B. Walkom, who died in July 1976, was elected a member of the 
Society in 1909 and subsequently played every possible role in the Society. 
He was a Linnean Macleay Fellow 1912-1913, the Society’s Secretary 1919-40, 
President 1941, joint Hon. Secretary 1952-66 and Hon. Treasurer 1943-1970. 
Dr. Walkom contributed importantly to science through his own research, 
his Directorship of the Australian Museum and his participation in the Linnean 
Society, ANZAAS and other scientific societies. He was a recipient of several 
awards and medals. The Society owes a great debt to his long and active 
involvement and Council has resolved that Dr. Walkom be included in the 
Society’s Memorial Series. 

Dr. Ida Browne (née Brown), who died in October 1976, had been a member 
of the Society since 1924, Linnean Macleay Fellow 1927-33, Council Member 
1941-50 and President 1945. She took a keen interest in the Society over 
many years and had a distinguished career in geology, working first in petrology 
but later in palaeontology and stratigraphy. 
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2 REPORT ON THE AFFAIRS OF THE SOCIETY FOR THE YEAR 


Meetings 


The Macleay Memorial Lecture, given by Dr. Charles Fleming (now Sir 
Charles Fleming) was entitled The Biogeographic Basis of National Cultures. 
This was held at the Science Centre on 13th August and was followed by a dinner 
at the Trencherman Restaurant. 


Two Special General Meetings were held, the first on 27th October 1976, 
and the second just prior to the Annual General meeting on 28th March 1977, 
to approve and confirm alterations to the Rules involving the machinery of 
holding elections. 

There were two Ordinary General Meetings. On 28th July 1976, Dr. R. 
Molnar (Department of Anatomy, University of Sydney) spoke on Recent 
discoveries in dinosaurs and their significance at the Australian Museum. On 
27th October Dr. J. Powell (Royal Botanic Gardens, Sydney) and Prof. J. Golson ~ 
(Australian National University) spoke on The origins of agriculture in New 
Guinea at the Royal Botanic Gardens. 

Members visited the Taronga Zoological Park on 15th December and were 
favoured with a talk by the Director, Dr. W. P. Crowcroft. Inclement weather 
prevented an inspection. 


Newsletter 


A new development has been the production of Linn Soc News, a newsletter 
to inform members of Society activities, forthcoming events and items of interest. 
This is planned as a quarterly and has been issued in July and September 1976 
and January 1977. 


Library 


The Society’s Library is now housed much more commodiously than before, 
on the sixth floor of Science Centre. Selby’s Scientific Ltd. made a most generous 
donation which almost completely covered the cost of the new shelving that 
was required. 

The Society still awaits catalogue cards of the Society’s monographs 
previously transferred to the University of Sydney. 


Linnean Macleay Fellowship 


Mrs. Jennifer Anderson has now completed her first year as a Linnean 
Macleay Fellow, studying the biology of Australian Coccinellidae (Coleoptera— 
ladybird beetles) at the University of New South Wales. Her tenure has been 
extended for a further year. Species under study include Scymnodes lividigaster, 
Micraspis frenata, and Leptothea galbula. Principal aspects of the study are: 
the ecology of host plant relations, nutrition, reproductive physiology and 
diapause physiology. Special apparatus in use includes photoperiodic cabinets 
required in connection with work on reproductive physiology. 


Linnean Macleay Fellowship in Microbiology 


This appointment continues to be held by Dr. K. Y. Cho. The research 
work carried out in 1976 was concerned mainly with the characterisation of 
the walls and membranes of the nitrogen fixing bacterium Azotobacter vinelandii. 
Some preliminary work was also carried out to study the use of cellulosic waste 
material such as rice straw and sawdust for the cultivation of edible fungi— 
in particular, mushrooms. 


Dr. Cho was promoted to the position of Senior Lecturer in microbiology 
as from 1st January 1977. 
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Staffing 
Following Mrs. R. Inall’s resignation as Secretary of the Society Mr. A. M. 
Ginges was appointed to this position as from 1st January 1977. Mrs. Inall 
continues in the position of Secretary of Science House Pty. Ltd. 


Science Centre 


The Macleay Memorial Lecture was the first function of the Society to be 
held in the Science Centre. 

The official opening of the Centre by His Excellency the Governor, Sir 
Roden Cutler, was held on 23rd March 1977 in the Lecture Theatre. A plaque 
was unveiled to mark the occasion. The Premier, Mr. N. Wran, gave the 
‘* Address in Reply ” and opened a fund-raising appeal for the Centre. 

The Society is now housed in the Science Centre in that its Secretariat, 
Library and main place of meeting are located there. It no longer retains an 
office of its own, however, because of financial limitations. 


Finance 


The audited accounts cover a period of 12 months from 1st January to 
31st December 1976, and so the figures are not strictly comparable with those 
in the accounts for 1975 which covered a period of only 10 months. 

The Balance Sheet of the General Account records a deficiency for the year 
of $3,272. This deficiency only marginally exceeds the direct cost of moving 
the Society’s Library from Science House in Gloucester Street to Science Centre 
in Clarence Street, and hence was not unexpected. The deficiency was met 
from funds deposited in a Building Society to meet such extraordinary demands 
as this, and the figures against this investment are correspondingly reduced. 

The cost of the Library removal was $2,286 paid as wages to a number 
of young people and $856 for rental of a truck, totalling $3,142. When one 
compares this total with a quotation of $12,500 from a commercial firm obtained 
in 1972 (before many subsequent wage increases) one can appreciate the value 
of the planning, preparation, supervision, and participation in the execution 
of the move accomplished by Mrs. R. J. Inall acting in her joint capacity as 
Secretary of the Society and as Secretary of Science House Pty. Ltd. 

Under Fixed Assets, the item Furniture, Fixtures and Fittings has noticeably 
increased because of the purchase of some $1,300 worth of horizontal shelving 
for the interior wall of the new Library, a necessary investment that greatly 
facilitated the mechanics of the Library move. 

Under Current Assets there is a new item entitled Management Account. 
This is identical with an amount formerly held as a reserve in this Society’s 
name by the Science House Management Committee for the purposes of managing 
Science House. It is now held by Science House Pty. Ltd.; the money is 
invested and the Company transmits the interest received to the Society. 

The Income and Expenditure Account shows that, in spite of the general 
inflationary spiral, the total expenditure for the 12 months of 1976 only slightly 
exceeded that for the 10 months of 1975. General Expenses are much higher 
because this item includes the cost of renting a truck. The figures for Iilustration 
and Printing of the Proceedings are down, not because of reduction of costs, 
but because only three parts were published and paid for during 1976. Unfort- 
unately this leaves a liability that will have to be met in 1977. The item Rent 
appears for the last time; the Society vacated its rooms in Science House in 
September 1976. The item Secretarial Services includes not only the general 
secretarial work of the Society such as correspondence and servicing of members 
but also the very considerable editorial costs of publishing the Proceedings. 
In 1976 the Secretarial Services were charged to the Linnean Society at a conces- 
‘sion rate because the Society was meeting the rent of rooms also occupied by 
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Science House Pty. Ltd. From the beginning of 1977 the Society will face a 
much more realistic cost for this service. 

The item Salaries includes the salary of a part-time Librarian for nine 
months and the wages of the casual employees who moved the Library. 

The Income Account shows that a reduced amount was received in 
subscriptions. This was due to a delay in sending out invoices consequent 
upon the delay in receiving our issues of the Proceedings from the printer. 

Donations received from authors towards the cost of publishing their papers 
roughly equal the cost to the Society of Illustrations, i.e. block-making. 

Interest received on investments increased consequent upon turnover 
at maturity of low interest yielding into higher interest yielding stocks, and 
for the same reason the amount transferred from the Fellowships Account was 
larger. 

Sales includes a sum of almost $1,000 for a full set of the Proceedings ; 
it cannot be assumed that this will occur every year. 

In the Fellowships Account, Accumulated Funds were augmented by $400.07 
transferred from the Income and Expenditure Account, this being the unexpended 
part of the salary set aside for the Linnean Macleay Fellow. 

The Balance Sheet shows the unusual feature of a Bank Overdraft. This 
reflects a situation which existed in theory (but, in the event, not in actuality) 
at balance date, and is counterbalanced by the fact that the identical sum of 
$4,800 is shown as invested in two places, under Telecom and under N.S.W. 
Permanent Building Society. The theoretical situation was adjusted on the 
first working day of January. 

The Income and Expenditure Account details the increased interest received, 
the amount paid as salary to the Linnean Macleay Fellow, the amount transferred 
to the Fellowships Capital Account and the amount transferred to the General 
Account in accordance with the explicit terms of Sir William Macleay’s will. 

The Bacteriology Account shows a fixed capital, invested as shown. All 
interest received from it is paid, sooner or later, to the University of Sydney 
aS a contribution towards the salary of the Linnean Macleay Lecturer in 
Microbiology. 

The small deficiency is due to the fact that in 1976 a little more was paid 
to the University than was received as income in 1976. Since the amounts 
sent are based on the income received during the previous year, small deficiencies 
(or surpluses) are of little consequence in this account. 

In the Scientific Research Fund the balance from last year has been 
augmented by interest amounting to $1,225.44 and Donations of $2,000, and 
now stands at $14,114.44. This is a tax-deductible fund to which your donations 
would be greatly welcomed and would speed the day when the fund can be put 
to work for scientific research. 

The Library Fund Account has been static during 1976. This is another 
tax-deductible fund established to provide for the housing and equipping of 
the Society’s Library. Monies so far received have been lent to Science House 
Pty. Ltd. to assist it in doing just that. 

Some years ago a meeting of members vehemently protested at a suggestion 
from Council that the Library should be given to some other institution where 
it could be safely housed, preserved and utilised. It would be particularly 
appropriate, therefore, if members would back up their convictions by effective 
contributions to the Library Fund. The matter is particularly urgent at the 
present time. Your Company, Science House Pty. Ltd., has been obliged to 
incur heavy commitments to its Bank to provide a home for your Library. At 
this crucial stage in the Society’s history it is of vital importance that the size 
of this loan should be quickly reduced for both the short-term and long-term 
benefit of your Society. 
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Science House Pty. Ltd. 
Annual General Meeting 


The third Annual General Meeting of Science House Pty. Ltd. was held 
on 26th October 1976, when the Directors’ Report, Balance Sheet and Profit 
and Loss Account to 30th June 1976 were presented to the shareholders. One 
of the shareholders, the Linnean Society of New South Wales was represented. 
by its President, Dr. Barbara G. Briggs, and the other shareholder, the Royal 
Society of New South Wales, by its President Dr. D. J. Swaine. 

The names of the Directors in office at the third Annual General Meeting 
were : 


Edric Keith Chaffer Joyce Winifred Vickery 
John William Humphries Lynette Anne Moffat 
Maurice James Puttock Esmond John Selby 
William Eric Smith Neville George Stephenson 


Report on Science Centre 


1976 has seen the fulfilment of the goal of the two Societies and of the Board 
of Directors of Science House Pty. Ltd. to achieve a Science Centre at 35-43 
Clarence Street providing a wide range of facilities for their own use and for 
the use of other scientific and professional organisations generally. 


The architects, Messrs. Jackson, Teece, Chesterman and Willis, and the 
Builders, Messrs. K. B. Hutcherson Pty. Ltd. are to be congratulated on their 
accomplishment of the exacting task of renovating and reconstructing the 
Building to provide for our particular needs. The special features of the building, 
particularly the auditorium and other meeting rooms, and the association with 
a restaurant on the ground floor able to supply refreshments to the conference 
floor, have received approval and acclaim from a wide circle of interests in the 
city. 

The project has been carried through during a period of considerable financial 
instability which threw additional strains upon the Board of Directors, their 
available resources, and their staff. For instance, during the period of con- 
struction from the commencement of our loan application to the middle of 
1976, average weekly earnings increased by 46-6% and the wholesale building 
materials price index increased by 46-1°%. Our project costs increased only by 
25%, reflecting prudent management which kept escalation effects to a minimum. 
Some increases in costs resulted from circumstances entirely beyond the control 
of the Board. For example, following upon a fire with tragic consequences at 
a Kings Cross hotel, the authorities imposed more stringent building requirements 
throughout Sydney which resulted in an unexpected $23,463 being added to 
our costs. Another $23,404 was required to rectify defects that were not apparent 
until the project was well under way. 

Our bankers, the Commonwealth Savings Bank of Australia, have been 
Sympathetic in response to these urgent needs and generous in proferring sound 
financial advice upon request. Inevitably the Board has been obliged to incur 
a heavy debt to the Bank in order to bring the project to fruition. 


The Board has established a Fund-Raising Appeal Committee upon which 
the following distinguished gentlemen have generously consented to serve. 


Appeal Committee 


Patron : The Hon. Neville Wran, Premier of New South Wales. 
Vice-Patron : The Rt. Hon. Alderman L. W. Port, M.B.E. 
Chairman : Mr. J. B. Studdy 

Deputy Chairman : Sir John Phillips 

Deputy Chairman : Mr. J. H. Valder 
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Members : Professor M. Birt, Mr. J. B. Davenport, Mr. A. J. Deer, Professor 
D. W. George, Professor A. Lazenby, Mr. H. A. Llewellyn, Mr. H. 
G. McCredie, Professor R. H. Myers, Sir Robert Norman, Mr. N. 
Oakes, Mr. A. J. Reid, Professor N. G. Stephenson, Mr. H. L. 
Wallace, Professor E. C. Webb, Professor B. R. Williams, Mr. T. 
D. Willis, the President of the Royal Society of N.S.W., and the 
President of the Linnean Society of N.S.W. 


Haecutive Secretary : Mr. E. Freedman 


Monies raised by the Appeal Committee will be utilised to reduce 
indebtedness to the Bank and hence reduce the annual burden of interest payable 
on the loan. A number of substantial contributions to the fund have already 
been received, and the Board expresses its gratitude to the donors for their 
very practical support. The Appeal was officially launched at the opening 
of the Science Centre on 23rd March 1977. 

The Board is confident of the financial success of the Science Centre project 
in the long term but anticipates that in the immediate future times may be 
far from easy, particularly if economic recovery in Australia is slow. 

The lease of Science House in Gloucester Street from the Sydney Cove 
Re-Development Authority was terminated on 24th December 1976. 

The office of the Company was moved to Science Centre on 24th September 
1976. 

The promise of a generous gift from Selby’s Australia, through the good 
offices of Mr. E. J. Selby, to the Library Funds of the two Societies, made it 
possible to obtain new uprights of the correct height and top and bottom shelves 
for the library area in which existing horizontal shelving owned by the Societies 
could be installed ; this greatly reduced the labour and cost which might other- 
wise have been incurred. The Board met the cost of erecting the outer library 
shelving and backing which forms the partition surrounding the Library. 

The Science Centre Secretarial Services has been developed into an 
organisation servicing a variety of associations and professional bodies. It is 
manifest that these services are filling a very real need at a very moderate price. 

The Board pays tribute to Mrs. R. J. Inall, General Manager, whose capacity, 
energy and enthusiasm have been a material factor in achieving the Science 
Centre, and to the loyalty and devotion of its staff. 

Finally, the Board gratefully acknowledges the help and support it has 
received from its financial advisers and innumerable other quarters. Whenever 
help and advice have been sought they have been graciously and generously 
given. 

Presidential Address 


Dr. Briggs delivered the Presidential Address entitled Evolution in the 
Myrtaceae—evidence from inflorescence structure. This was based on the results 
of joint work with Dr. L. A. 8. Johnson, and will be published separately in a 
later issue of the Proceedings. 


Declaration of Elections 


The Honorary Secretary announced that no elections had been necessary 
as all nominations had been unopposed. The retiring members of Council, 
Dr. H. G. Cogger, Mr. D. W. Edwards, Dr. D. K. McAlpine, Dr. L. A. Moffat, 
Mr. J. Pickard and Professor T. G. Vallance were re-elected. Professor B. D, 
Webby was elected President for the year 1977-78 and Dr. Briggs invited 
Professor Webby to take the chair. A vote of thanks to the outgoing President 
was carried by acclamation. 
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FIRST RECORD OF REPRODUCTIVE DIAPAUSE AND AGGREGATION 
IN AUSTRALIAN COCCINELLIDAE (COLEOPTERA) 


J. M. BE. ANDERSON*+ AND AOLA M. RicHARDS* 
[Accepted for publication 15th December 1976] 


Synopsis 
Reproductive diapause is recorded in 5 species of Sydney Coccinellidae. Scymnodes lividi- 
gaster (Mulsant), Harmonia (Lets) conformis (Bcisduval), Coelophora inaequalis (Fabricus), Micraspis 
frenata (Erichson), and Leptothea galbula (Mulsant) have a winter diapause. S. lividigaster also 
has a summer diapause. Records of aggregation in several species are listed. 


INTRODUCTION 


During unfavourable conditions adult Coccinellidae become dormant and 
some species aggregate in large numbers. Dormancy may be interpreted as 
either diapause or quiescence (Lees, 1955, 1956). Diapause is an adaptive 
arrest of development accompanied by behavioural, morphological, physiological 
and biochemical changes (Tauber and Tauber, 1976), which anticipates 
unfavourable conditions that prevent development (Lees, 1955; Danilevskii, 
1965). Reproductive diapause is specifically concerned with gonotrophic 
regression and development, and the accompanying increase and decrease in 
fat body. In contrast, quiescence is a resting period caused directly by 
unfavourable environmental conditions such as low temperatures, without 
certain physiological changes occurring within the insect (Lees, 1956). 
Dormancy may be described as hibernation or aestivation, but there is much 
confusion in interpreting these terms. 


Aggregation in Coccinellidae is always associated with diapause. It is a 
very specific behavioural feature, and both monospecific and heterospecific 
aggregations have been observed (Hagen, 1962 ; Hodek, 1973). 


Although aggregation and diapause in Coccinellidae have been widely 
reported, there are no records from Australia. This study shows that both 
occur in some of the commoner Australian species. 


REPRODUCTIVE DIAPAUSE 


During a 14 month period from the beginning of May 1975 to June 1976, 
weekly samples of coccinellids were collected from a reserve near Sydney. 
Subsequent study of these beetles has shown a reproductive diapause in a number 
of species. Scymnodes lividigaster (Mulsant), Harmonia (Leis) conformis (Bois- 
duval), Coelophora inaequalis (Fabricus), Micraspis frenata (Krichson) and 
Leptothea galbula (Mulsant) were selected for detailed study. A typical female in 
diapause has the ovaries surrounded by prominent tracheae. The ovarioles are 
without vitellisation and reduced to germaria. In males diapause is more 
difficult to trace by examination and measurement of whole testes or seminal 
vesicles. Testicular follicles must be examined to determine if there has been 
gradual cessation of spermatogenesis. In both sexes just prior to diapause there 
is a massive buildup of fat body, particularly in fat droplet form. This decreases 


* School of Zoology, University of New South Wales, Kensington, 2033. 
+ Linnean Macleay Fellow. 
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towards the termination of diapause. In some cases the alimentary canal is 
empty and filled with air bubbles. 

By early May 1975, all five species had entered diapause. Throughout 
winter diapause was unstable, allowing beetles to become active for short periods 
on mild winter days without breaking the diapause. Four of the five species 
remained in diapause until August or early September. The fifth, Harmonia 
(L.) conformis emerged earlier at the end of July. 

Scymnodes lividigaster was the only species to have a summer diapause. 
From September to mid October it passed through a spring generation. This 
was followed by a gradual increase in fat body accompanied by gonotrophic 
regression leading to a reproductive diapause from the beginning of November 
to the end of December. Unusually dry, warm weather occurred throughout 
this period. The total rainfall for November and December was 64 mm (daily 
range 0-18-6 mm), well below the normal rainfall of 158-2 mm. Temperatures 
were 1:2-1-7°C above the normal mean maxima and minima. These environ- 
mental conditions may have led to the disappearance of Aphis eugeniae van 
der Goot, an essential food of S. lividigaster, and all of these factors may have 
influenced the summer diapause of the coccinellid. 


In contrast to the dry conditions of late 1975, the first three months of 
1976 were very wet. The total rainfall was 826-2 mm (daily range 0-77-0 mm), 
well above the normal rainfall of 345-6mm. A. eugeniae reappeared in mid 
January, so a plentiful food supply was associated with high reproductive 
activity in S. lividigaster until it returned to diapause in late March 1976. The 
other four species entered reproductive diapause between late March and mid 
April 1976. 

AGGREGATION 


In winter large numbers of coccinellids aggregate inside buildings, on hills, 
under the bark of trees or in leaf litter. Aggregating coccinellids always touch 
each other, each individual having its head tucked beneath part of the body of 
its neighbour; sometimes they are found in layers. Aggregations have been 
observed throughout eastern Australia and Tasmania, some ladybirds going 
back to the same area year after year. 


The following records of aggregation have been obtained : 


1. Cleobora mellyi Mulsant and Harmonia (L.) conformis. During August 
1959, large numbers of beetles, mostly C. mellyi, were found in a dairy shed at 
Elliott in northern Tasmania. « (Personal communication N. M. Hudson, 1975.) 

2. Harmoma (L.) conformis and Cleobora mellyi. In June 1976 several 
thousand specimens were found aggregating beneath the bark of dead Notophagus 
cunningham in a eucalypt regeneration area in the Florentine Valley, Tasmania. 
Several live colonies consisting of some 1800 specimens were sent to the authors 
by Dr. H. J. Elliott. % Of these 56% were H. (L.) conformis and 44% were C. 
mellyt. 

3. Harmonia (L.) conformis. In April 1976, 145 specimens were discovered 
aggregating two metres from the ground under a piece of loose bark on a dead 
eucalypt, in Queen’s Domain, Hobart, Tasmania. The beetles were sent to the 
authors by Professor V. V. Hickman (Fig. 1). Dissection of some of these 
specimens showed the typical morphological features of reproductive diapause. 


4. Harmonia (L.) conformis. In April 1932, 74 specimens were found by 
G. F. Hill aggregating in a seedpod of Brachychiton populneum on Mount Mugga, 
A.C.T. These specimens are now in the Australian National Insect Collection, 
Canberra. 


5. Harmonia (L.) conformis. In early April 1976, many hundreds of speci- 
mens were found aggregating under the bark of a dead standing eucalyptus sapling, 
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near Lake George, N.S.W. Similar aggregations have been observed in previous 
years. (B. P. Moore, personal communication 1976.) 


6. Micraspis frenata. During winter, numbers of beetles were found on trees 
on a hill near Rockhampton, Queensland. (Personal communication K. Houston, 
1975.) 

7. Leptothea galbula. In June 1975, 20-30 specimens were found together 


on a leaf of a tree in Sylvania, N.S.W. (Personal communication M. Brunet, 
1975.) 


Fig. 1. Aggregation of Harmonia (Leis) conformis (Boisd.) on underside 
of eucalyptus bark from Queen’s Domain, Hobart. Photo: A. M. 
Richards. 


Three of the five reports of H. (L.) conformis aggregating were in April. This 
is not surprising, as this species enters reproductive diapause in late March. 

Most Sydney coccinellids do not aggregate, but spend their winter dormancy 
singly or in groups of two to three under loose bark or inside the curled leaves 
of trees in, or quite close to, their normal summer habitat. 
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DISCUSSION 


Australian coccinellids exhibit many of the characteristics of temperate 
Northern Hemisphere species. They respond to alternation of favourable and 
adverse environmental and biotic conditions, and develop cycles that adapt 
them to their particular habitat. In the study area near Sydney, adults of 
all five species spend part of their life span in diapause. However in Hawaii 
failure to enter diapause has been recorded in Coelophora inaequalis (Hagen, 
1962). 

Winter diapause in coccinellids is related to changes in photoperiod, 
temperature and food supply (Tauber & Tauber, 1976). In late March and 
April when most Sydney coccinellids are entering diapause food is plentiful, 
so changes in temperature and photoperiod are more likely to be the limiting 
factors affecting these species. The unstable winter diapause observed in 
Sydney coccinellids has also been recorded in Subcoccinella vigintiquatuorpunctata 
(L) in Yugoslavia and southern England (Tanasijevic, 1958; Richards, Pope © 
and Eastop, 1976). 


There are few records of summer diapause in coccinellids. McMullen 
(1967a, b) records both summer and winter diapause in Coccinella novemnotata 
Herbst. He considers both are induced by variation in photoperiod, with 
temperature and food supply regarded as secondary factors. It is interesting 
that a similar condition occurs in Scymnodes lividigaster, but here field studies 
suggest that absence of essential food may be a factor controlling summer diapause. 
The significance of photoperiod in inducing and maintaining diapause in 
Australian coccinellids is currently being studied. 


Ladybirds usually aggregate on prominent landmarks. They are then 
influenced by geotaxis and thigmotaxis, which cause them to hide in small 
places such aS under bark or inside curled leaves (Hodek, 1973). This pattern 
of behaviour is followed in many Australian coccinellids. It has been suggested 
that chemotaxis may also be important in the formation of aggregations, but 
as yet there is no proof (Hodek, 1973). The same aggregation sites may be 
selected year after year if the general relief remains the same. This is the case 
with Harmonia (L.) conformis near Lake George in southern N.S.W. 


Ageregation in Coccinellidae is important in bringing the sexes together 
for mating prior to dispersal. It may also protect beetles from unfavourable 
conditions, and in some cases from enemies (Hagen, 1962). Most published 
records concern winter aggregation, aS do all those listed in this paper; but 
summer aggregation in California has also been reported (McMullen, 1967a). 


There are very few records of aggregations in the Synonychini and 
Psylloborini (Hagen, 1962). It is therefore of interest that Harmonia (L.) 
conformis and Micraspis frenata belong to the Synonchini and Leptothea galbula 
and Cleobora mellyt to the Psylloborini. 
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Synopsis 


Recognition by almost all modern workers of Myrmecobius and Macrotis as taxa distinct 
only at the sub-family level is a result of the somewhat compressed marsupial classification of 
previous years. Given the expanded hierarchy now in use (e.g. that of Kirsch, 1968), marsupial 
classification will have greater uniformity at the family level if these two taxa are raised in rank. 


Historically, Myrmecobius (the numbat) has always been recognised as very distinct, largely 
because of its supernumerary molars. All of its cheek-teeth differ from the tribosphenic pattern 
of other dasyuroids. Its basicranium also differs from other dasyuroids and indicates an early 
divergence of Myrmecobius. Serologically it is less distinct ; that it is not more so may be due 
to a low rate of change in serum antigens. Its chromosomes are very similar to those of other 
dasyuroids, but non-dasyuroid families display the same karyotype. 


Rabbit-eared bandicoots were first recognised as a subfamily by Bensley (1903), because 
the squaring of their molars involves the metacone rather than the hypocone (modified metaconule) 
of other perameloids. The basicranium also departs from the presumably ancestral morphology, 
although it is convergently similar to that of Isoodon. Macrotis is serologically distinct from other 
perameloids, and the chromosomes are so different that they could not have been derived directly 
from the peramelid pattern. JIschnodon is a fossil form manifestly allied with Macrotis. 


Myrmecobiidae has previously been used (e.g. by Gregory, 1910) in the same sense as it is 
here ; Thylacomyidae derives from Bensley’s (1903) usage and must be retained, though it is 
based on a generic name since shown to be invalid. 


INTRODUCTION 


Contemporary classifications represent an attempt to reconcile the sometimes 
contradictory demands of phylogenetic and practical groupings. Broad 
relationships of organisms are expressed in a rather free way; but at lower 
categorical levels an effort is made to have genera and families represent com- 
parable degrees of divergence, so that the same amounts and kinds of information 
about the organisms are encoded or implied in the classification. This approach 
to uniformity is necessary if a classification is to be of heuristic value to non- 
taxonomic biologists, and if generalisations from the characteristics of one to 
those of many species are to be possible. If the groupings contain too broad 
a range of forms, or uneven degrees of difference within co-ordinate groups, 
such predictions can only be made with low confidence. 


Marsupial classification has undergone considerable re-assessment in recent 
years, particularly in terms of the major classification (e.g., Ride, 1964; Kirsch, 
1968), as well as in revision and grouping of certain genera. On the intermediate 
levels, eleven families of living Australian marsupials are now recognised (Ride, 
1970), compared with Simpson’s six (1945). The reasons for this increase do 
not include discovery of unknown forms, but rather reconsideration of the 
Status of the known animals. Thus, one of the ‘‘ new ” families, Thylacinidae, 
is recognised because of the thylacine’s great distinctness from the other 
dasyurids ; the erection of another, Phascolarctidae, is consequent on appre- 
ciation of the considerable evidence that the koala is not a phalangerid 
but has wombats as its nearest relatives. Three additions to the list are 


* Queensland Museum, Gregory Terrace, Fortitude Valley, Queensland, 4006. 
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Burramyidae, Petauridae, and Tarsipedidae, formerly included in Phalangeridae, 
which Kirsch (1968) recognises on serological and other grounds. 


Each of these new families is thus soundly based, and their recognition 
reflects attempts to indicate both correct affinities and equivalent levels of 
distinctness and diversity at this categorical level. In our desire to bring 
marsupial classification even closer to an ideal uniformity, we propose here 
the recognition of two more marsupial families, Myrmecobiidae and 
Thylacomyidae, represented by the genera Myrmecobius and Macrotis (with 
Ischnodon) respectively. We review aspects of the history of their classification, 
adduce some recently-published evidence bearing on each case, and present 
new morphological evidence for regarding them as distinct at the family level. 


MYRMECOBIIDAE, Gill, 1872 
Historical 


From the time of its description, the numbat was recognised as something 
very special. Its high dental formula and appearance of the teeth led Owen 
(1840-45) to describe Myrmecobius as a near relative of certain Mesozoic mammals 
which were then thought to be marsupials. This opinion was common throughout 
most of the 19th century, and although Thomas (1888) places Myrmecobius in 
a Subfamily of the Dasyuridae, he considers that it might well be separated at 
a higher level. Bensley (1903), after carefully examining the dentition, concludes 
that it could be derived from the dasyurid condition, an opinion which is accepted 
by us, but which has encouraged the view that the numbat and dasyurids have 
a rather close affinity. Tate (1951) seems not to have committed himself on 
the precise level of the numbat’s distinctness, and Ride (1970) regards it as a 
dasyurid in his more recent classification. Nevertheless, a number of twentieth- 
century taxonomists (Gregory, 1910; Cabrera, 1919; Jones, 1923-25; 
Troughton, 1967) place Myrmecobius in its own family, 


In view of what we now know about the evolution of Mesozoic mammals, 
and of marsupials, it is impossible that the numbat should be ‘‘. ..an unmodi- 
fied survivor from Mesozoic times .. .” (Thomas, 1888, p. 312), but, on the 
other hand, we might ask if the placement of it in a subfamily of dasyurids is 
not an extreme alternative, and partly a result of the somewhat compressed 
marsupial classification of previous years: it will be remembered that Bensley 
also placed Thylacinus in a subfamily of Dasyuridae, while regarding it as a 
foreign element in the Australian fauna. 


Cranial and Dental Morphology 


Myrmecobius, although clearly a dasyuroid, differs from all dasyurids in 
many basicranial and dental characteristics. The unity of the Dasyuridae 
has been established with regard to serology (Kirsch, 1968), cytology (e.¢., 
Sharman, 1961; Hayman and Martin, 1974), the dentition (Archer, 1976a) 
and the basicranium (Archer, 1976b). 

Myrmecobius is excluded from the Dasyuridae for the following dental 
reasons. First, it has variably developed supernumerary molariform teeth 
(4/5 to 5/6). Bensley’s (1903) description of a juvenile specimen with a minute 
anterior molariform tooth casts doubt on Winge’s (1941) hypothesis that the 
deciduous tooth is retained in the adult dentition and accounts for one of the 
Supernumerary molariform teeth in each tooth row. The normal presence 
of more than four molariform teeth in Myrmecobius is unique among marsupials 
although supernumerary molars are found in some macropodid and dasyurid 
individuals (Archer, 1975). The crown morphology of the upper molars is only 
marginally reminiscent of a tritubercular pattern and is certainly not 
trituberculo-sectorial. The lower molariform teeth are similarly specialised. 
In the upper teeth the buccal cusps are dominant (possibly homologues of 
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dasyurid stylar cusps) and in the lower teeth the lingual cusps are dominant 
(probably homologues of the paraconid, metaconid, entoconid and hypoconulid). 
The only clear dental similarity to dasyurids is the incisor number and in any 
ease this is not unique to dasyurids. It is present in thylacinids, some 
borhyaenids and some peramelids. 


The basicranium of Myrmecobius is most similar to that of dasyurids. 
Significant points in common include the lack of a foramen ovale (a foramen 
pseudovale is present), and the presence of an imperforate stapes and a well- 
developed squamosal epitympanic sinus. None of these characteristics is 
individually confined to dasyurids and Myrmecobius, but as a combination of 
characteristics, it is unique. Myrmecobius significantly differs from dasyurids 
in virtually lacking a periotic hypotympanic sinus; in having the alisphenoid 
tympanic wing contacting the mastoid tympanic wing (a condition otherwise 
confined to certain phalangeroids); in having an antero-mesially extended_ 
alisphenoid hypotympanic sinus; in having a poorly enclosed internal jugular 
canal (a condition found in didelphids and peramelids); and in the posterior 
development of the pterygoids which underlie the transverse canal as well as 
forming part of the rim of the entocarotid foramen. 


Other important differences that distinguish Myrmecobius include the 
posteriorly extended palate ; the postero-ventral crest of the jugal; the massive 
post-orbital frontal processes ; the lacrymal which extends well out onto the 
face; the large interparietal; the complete postero-lateral palatal foramen ; 
the ventral position of the infraorbital foramen on the maxilla; and the reduced 
Squamosal contribution to the zygomatic arch. These are all non-dasyurid 
features, and in many cases are unique among marsupials. 


The basicranial region indicates that the ancestor of the myrmecobiids 
was probably a dasyurid rather than a didelphid. However, that ancestor 
lacked many features present in all other dasyurids (such as a periotic hypo- 
tympanic sinus) and was obviously undergoing unique specialisations not present 
in any known dasyurid lineage. 


Fossil myrmecobiids are unknown, and we can only speculate about the 
history of the group. The lack of a periotic hypotympanic sinus suggests the 
divergence from a dasyurid lineage was an early one, probably before the late 
Miocene by which time many modern dasyurid lineages had become established. 


Serology 
Myrmecobius is clearly distinct serologically from other dasyuroid genera. 


This is indicated in Kirsch (1968), where the amount of divergence is suggested 
to be about the same as that separating subfamilies in other marsupial families. 


However, this does not dictate that the numbat should be considered only 
as representative of a subfamily. It is also true that the koala and wombats 
are serologically distinct at a subfamilial level, but Kirsch argues that morpho- 
logical differences clearly warrant familial recognition in that case. Phascolarctids 
are moreover an old and structurally ancestral family (Archer, 1976c) with 
many Phascolarctos-like forms occurring in middle Tertiary deposits which are 
among the oldest known mammal-bearing sediments in Australia. Vombatids 
also occur in these deposits. This suggests that the serum antigen evolution 
of one or both of these groups has been relatively conservative in comparison 
with their cranial and dental evolution. 


It may similarly be argued that Myrmecobius is serologically conservative, 
accounting for its rather great similarity to the dasyurids, and this contention 
is supported by evidence for special serological similarities between it and 
Phascolarctos which seem too numerous to be convergent (Kirsch, in preparation). 
The numbat-koala affinity does not imply a special phylogenetic relationship 
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between the two genera, but does strongly suggest that each lineage has evolved 
more slowly than its nearest relatives, and has retained a greater proportion 
of ancestral antigens. 


Karyology 


The numbat has 2N =14 chromosomes, a number also exhibited by caenole- 
stids, dasyurids, peramelids (in the restricted sense used here by us), some 
didelphids and many phalangeroids. In most of these cases chromosome 
morphology is also similar (Hayman and Martin, 1974). Therefore chromosome 
number neither allies Myrmecobius solely with, nor differentiates it from, 
dasyurids. 


Family Name 


The derivation of the family name Myrmecobiidae is obvious. It has been 
used in the sense in which we use it by Gill (1872), Iredale and Troughton (1934), 
and by authors cited above. 


THY LACOMYIDAE 
Historical 


Unlike Myrmecobius, Macrotis was not regarded as being particularly 
distinctive until 1903 when Bensley pointed out its strikingly unusual molar 
morphology. Prior to this time it was not separated taxonomically from other 
perameloids at anything other than a generic level. 

The antiquity of the rabbit-eared bandicoot lineage has been demonstrated 
by Stirton (1955) with the description of Ischnodon australis, a Tertiary (possibly 
lower Pliocene) bandicoot related to Macrotis. 


Cranial and Dental Morphology 


It has been suggested as a result of a broader study of the basicranial region 
of carnivorous and insectivorous marsupials (Archer, 1976b) that perameloids 
originated from didelphoids. Both groups include structurally ancestral forms 
with a very small alisphenoid tympanic wing, virtually absent periotic tympanic 
wings, a simple shallow epitympanic recess, and a poorly-developed or absent 
Squamosal epitympanic sinus. The peramelid genera Peroryctes, Microperoryctes, 
Perameles (most species) and to a lesser extent Hehymipera show this funda- 
mentally simple basicranial pattern. The perameloid genera Macrotis, [soodon 
and to a lesser extent Chaeropus show marked departures from this structurally 
simple condition. In Perameles nasuta a shallow basin occurs in the lateral 
extension of the periotic. This basin is the clear homologue of the epitympanic 
recess. In I[soodon, the roof of the epitympanic recess is partly reformed in a way 
analogous to the development of the false palatein mammals. The homologue of the 
roof of the epitympanic recess in didelphids is displaced dorsally and an analogue 
is formed by converging horizontal plates of the squamosal and periotic bones. 
The incudal fossa remains unaffected. As noted elsewhere (Archer, 1976b), 
the invaginated portion of the epitympanic recess in [soodon is the dorsal periotic 
epitympanic sinus. Chaeropus is structurally intermediate between the conditions 
found in Perameles and Isoodon. In Macrotis, besides enlarged periotic and 
alisphenoid hypotympanic sinuses such as occur in Isoodon, there is also an 
enlarged dorsal periotic epitympanic sinus. It differs from that of Zsoodon in 
being smaller and in having a relatively much lower sphenoid septum to act 
as an anterior wall. The condition found in Macrotis could be derived from 
that in Peroryctes or some Perameles, and be convergent on the condition seen 
in Isoodon. The position of the foramen ovale relative to the alisphenoid hypo- 
tympanic sinus also differs in Macrotis and Isoodon. In Isoodon the anterior 


PROCEEDINGS OF THE LINNEAN Society oF New SoutH Wates, Vou. 102, Part 1 


22 THE CASE FOR THYLACOMYIDAE AND MYRMECOBIIDAE, GILL 1872 


end of this sinus passes within the alisphenoid mesial to the foramen ovale. In 
Macrotis it passes lateral to the foramen ovale. A structurally ancestral condition 
common to both may be found in some peramelines such as Peroryctes where 
the foramen ovale occurs at the anterior end of the alisphenoid hypotympanic 
sinus rather than to one side. 


Basicranial structure therefore separates structurally ancestral perameloids 
such as Perameles and Peroryctes from specialised forms such as Isoodon, Chaeropus 
and Macrotis. Overt similarities in size of the hypotympanic and epitympanic 
sinuses between Isoodon and Macrotis evidently result from convergence and 
a common ancestral condition must have structurally resembled that seen in 
modern Peroryctes or Perameles. 


Bensley (1903) demonstrates the polyphyletic origin of quadrate molars in 
perameloids. In peramelids, the hypocone is a modified metaconule, a fact 
clearly seen in the structural lineage from Peroryctes, through Perameles, to- 
Isoodon. Only in Macrotis (and presumably Ischnodon) is the postero-lingnal 
cusp position occupied by the metacone. The metacone of Macrotis is not, 
however, analogous in function to the topographic hypocone of even the 
quadritubercular peramelid Jsoodon. The relatively very low hypocone of 
peramelids indicates a different use for this cusp than is served by the very 
high metacone of Macrotis. The serial homologues of the metacone, stylar cusp 
B and metacrista of Macrotis are those same cusps in peramelids. Macrotis 
is unique among perameloids in lacking a metaconule (the hypocone of peramelids 
such as Isoodon). It is further unique in possessing a large and discrete stylar 
cusp B immediately buccal to the paracone of M?!. In all other perameloids 
in which this molar region is known, stylar cusp B on M? is either indistinguishable 
or small, and well-united or postero-buccal to the paracone. Macrotis has a 
much enlarged and longitudinally elongate stylar cusp D on M?-°, a condition 
which is also unique among perameloids. Stirton (1955) suggests that Ischnodon 
may have been ancestral to Macrotis. Nothing about the dental morphology 
prohibits this possibility. Lower molars of Macrotis and Ischnodon differ in 
that in Ischnodon the anterior cingulum is relatively less developed, particularly 
so in Mj, the paraconid is well developed and the molars are relatively much 
lower-crowned. Stirton (1955) notes the larger paraconid and low-crowned 
condition. Ride (1964) disputes the diagnostic value of the paraconid size 
and suggests that some specimens of Macrotis show a similar condition. Having 
examined a large collection of juvenile Macrotis (including Queensland Museum 
JM769), it is clear that Stirton (1955) is at least partly correct in regarding 
Macrotis to have the paraconid reduced or absent. M23 invariably have the 
paracristid either merging onto the antero-bucecal flank of the metaconid, or 
terminating just short of that cusp. The antero-lingual corner of these molars 
is formed by the lingual end of the very well developed anterior cingulum. On 
M,, however, the paraconid is invariably present (on specimens examined at 
the Queensland Museum). There is no paracristid and the anterior cingulum 
is reduced to a small antero-lingual cusp which occurs below the paraconid. 
The only known specimen of [schnodon has a similar My cusp morphology (and 
in this regard Ride, 1964, is correct in observing little difference between the 
genera) but the Mz is markedly different from Macrotis. The paracristid is 
well developed and extends past the metaconid to the lingual edge of the crown, 
forming a clear paraconid. The antero-lingual edge of the less well developed 
anterior cingulum is reduced. Further, the buccal end of this cingulum is 
separated from the base of the protoconid by a fissure. In Macrotis the buccal 
end swings high up on the protoconid, merging with that cusp only a short 
distance down from the apex of the cusp. 


With the addition of the less specialised Ischnodon to the Thylacomyidae, 
this group of bandicoots exhibits a lower molar morphology which is more 
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similar to that of peramelids than is the morphology of the upper molars. Upper 
molar morphology suggests that thylacomyids evolved from peramelids before 
peramelids modified the metaconule into a hypocone and altered the position 
and size of the stylar cusps. A structurally ancestral condition of this sort 
is most closely approximated among living peramelids by -Peroryctes and 
Microperoryctes, but even here the metaconule is pronounced and the stylar 
cusps are clearly unlike those of thylacomyids. 


It is evident that the perameloid radiation resulted in two fundamentally 
different groups, the thylacomyids (including Macrotis and Ischnodon) and the 
peramelids (including all other genera). The morphology of the auditory region 
and teeth indicate that the two groups could have had a common ancestor 
structurally most similar among modern peramelids to Peroryctes of Microper- 
oryctes, but even more generalised than these structurally primitive peramelids. 


Despite the removal by us of rabbit-eared bandicoots from the Peramelidae, 
it is still apparent that further taxonomic groupings within the Peramelidae 
may eventually be advisable. In particular, Chaeropus and Isoodon are 
morphologically very distinct (but less so than Macrotis) from all other perameloid 
genera as well as from each other. 


Serology 


Macrotis is serologically distinct from all other perameloids. As is the 
case with Myrmecobius, this is indicated by Kirsch (1968) to be about equivalent 
to subfamilial divergence in other marsupial groups. 

No dramatic special serological affinities, such as obtained between the 
numbat and koala, can be demonstrated for Macrotis. Rather, its peculiarity 
is that, of the several perameloids tested, it alone did not group closer to the 
dasyurids than to the Australian diprotodont marsupials. Macrotis is thus 
peculiar in respect of perameloid affinities as well as in being distinct within 
the group. 


Karyology 


The chromosomes of Macrotis (2N=18 9, 19 3 (Martin and Hayman, 1967)) 
are very different from those of other bandicoots, and are probably derived 
from a higher number than 14 (the number in all dasyurids and known peramelids 
as well as in some other families or members of them). Martin and Hayman 
(1967) state, in fact, that the Macrotis karyotype, with its higher number and 
XX/XYe2Yo2 sex-determining mechanism, cannot be derived directly from the 
peramelid pattern; rather, the reverse. They are now (Hayman and Martin, 
1974) inclined to derive Macrotis from an intermediate higher-numbered form 
itself derived from a perameloid. Sharman (1973) suggests that the peramelid 
karyotype could be a reduction from a higher number and not merely a modifi- 
cation of the dasyurid karyotype, as Hayman and Martin (1974) contend. 
Whether peramelid and thylacomyid karyotypes each derived from a common 
ancestral higher number, or whether the peramelid pattern is primitive, with 
the pattern of Macrotis being a secondary reduction from some intermediately 
higher number, it is certain that the karyotypes of peramelids and of Macrotis 
are Separated by several steps unrepresented among extant bandicoots. No 
marsupial family except Macropodidae shows as great a range of numbers and 
sex-determining mechanisms. 


Thylacomys and the Family Name Thylacomyidae 


In 1838 an anonymous article appeared in the London Athenaeum (No. 572, 
13th October, p. 747) stating ‘‘ The reading of an elaborate paper, descriptive 
of the osteology of the Marsupialia, was commenced by Mr. Owen, who remarked 
upon the great value of an acquaintance with the structure of the skeleton 
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in determining the genera and species of this group of animals, and proposed 
a new genus, Zhylacomys, for certain species presenting a peculiar confirmation 
of the cranium”. There can be no doubt that this does not constitute a 
description and the name is a nomen nudum, a conclusion also reached by Thomas 
(in Waite, 1900), Sherborn (1931), Troughton (1932), and Neave (1940). Owen 
(1838) in discussing the rabbit-eared bandicoots refers only to Perameles lagotis 
appearing carefully to avoid using the term Thylacomys which he evidently 
had used during the reading of his paper. For this reason we agree with Palmer 
(1899) who suggests Owen should not be held as the author of Thylacomys. 
Blyth, in Cuvier’s Animal Kingdom (1840), p. 104, does provide a generic descrip- 
tion of the rabbit-eared bandicoots, but under the name Thalacomys. We 
regard this spelling to be an error for Thylacomys (Article 33b, Rules of Zoological 
Nomenclature) as do Thomas (#7 Waite, 1900), Sherborn (1931), Troughton 
(1932), and Neave (1940). In agreement with Palmer (1899), we therefore 
regard Thylacomys to have been described by Blyth in 1840. 


The derivation of the familial name for the rabbit-eared bandicoots, now 
all regarded (e.g. by Troughton, 1932) as Macrotis, is not immediately obvious. 
Until recently, Thylacomys was generally regarded as the valid generic name 
for these bandicoots, and Bensley (1903) consequently uses it as the basis of 
his subfamily name, Thylacomyinae. By the rules of the Code (Article 40), 
a family-group name need not to be changed even though the name of the type 
genus is subsequently shown to be invalid and is replaced, if the original family- 
eroup name has won general acceptance. This is the case here and the family 
name should therefore be Thylacomyidae. 
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Synopsis 


The Bathurst batholith outcrops over about 1600 km? in central western New South Wales 
and is a complex of several granitic intrusions. Two small satellitic stocks outcrop near Yetholme 
and the western stock has been sampled for geochemical studies. Palaeomagnetic and radio- 
metric studies established a late Carboniferous age (about 312 My) for this body, confirming 
earlier radiometric and stratigraphic dating of the batholith. 

Although described previously as the “‘ Yetholme Granite ’’, modal data indicate that the 
main rock type in these stocks is an adamellite. The name “ Yetholme adamellite ’’ has been 
used, but it 1s proposed to term these two stocks the Durandal Adamellite and the Husdale 
Adamellite. The Durandal Adamellite was the only body sampled for this investigation. Minor 
rock types include aplite and dolerite or microdiorite ; and xenoliths are present in the adamellite. 
The adamellite is porphyritic, with large crystals (megacrysts) of potash feldspar up to 7 em in 
length comprising about 10 percent of the rock. They have grown across some of the contacts 
of enclosed xenoliths. Chemical analyses, including trace element data, of all phases and of 
potash feldspar separated from the adamellite, a pegmatite phase and xenoliths support earlier 
conclusions (Mackay, 1964) that the megacrysts developed in situ in an apparent. closed system 
of late-stage ionic fluids which partly replaced early-formed crystals. 

Heat generation by the Durandal Adamellite is 2-96 W/m, which is similar to that calculated 
for the Bathurst batholith. These values are high compared to other data presently available 
from similar rock types in New South Wales. 


INTRODUCTION 


The western edge of the Sydney Basin overlaps early, middle and late 
Palaeozoic rocks, including the intrusive rocks of the Bathurst batholith (Fig. 1). 
Vallance (1969) summarised the geology of the batholith, an intrusive complex 
which is elongate roughly east-west cutting across the general north-south 
trending Ordovician to Devonian rocks of the Capertee Rise and Hill End Trough. 
The overlying Sydney Basin rocks are of Permian age. Rocks of the composite 
batholith are typically massive, and range from mafic phases (for example the 
gabbros described by Joplin (1931, 1944) from near Hartley) through to granites 
and adamellites. 

Radiometric dating of granite from the eastern end of the batholith gave 
a Carboniferous age of 315 My. This is the average of two determinations by 
Evernden and Richards (1962) using K-Ar techniques, recalculated by Cas et al. 
(1976, p. 205) using ‘‘ preferred decay constants”’. Hirt et al. (1963) gave a 
Re-Os age of 330+40 My for molybdenite from a skarn at Yetholme (Mt. 
Tennyson). As the molybdenite mineralisation was apparently introduced by 
emplacement of the main phase of the batholith, or by the satellite intrusion 
at Yetholme (Vallance, 1969), the Re-Os (molybdenite) age is probably that of the 
batholith. K-Ar and Rb-Sr dating (Facer, 1976) of adamellite, aplite and a 
‘* doleritic ’’ dyke from the small intrusion at Yetholme gave ages ranging from 
298 +10 My to 325+17 My. There is thus good evidence to indicate that the 
Bathurst batholith was emplaced approximately 312 My ago. However. the 
batholith outerops over an area in excess of 1600 km? (Vallance, 1969), and is 
a complex of a number of cross-cutting as well as discrete intrusions, the relations 
of which are not fully understood. 


* Department of Geology, The University of Wollongong, P.O. Box 1144, Wollongong, 
N.S.W. 2500. 
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At Yetholme Mackay (1964) mapped in detail two stocks of granite (or 
adamellite), which are apparently satellites of the batholith (Fig. 1). These 
two stocks, which are of the same rock type (Mackay, 1964), may be connected 
at depth. This rock has been known informally as the ‘“‘ Yetholme Granite ”’, 
and has also been termed the ‘‘ Yetholme adamellite ’’ (Phillips and Carr, 1973). 
Mackay (1964) used the terms Durandal Stock and Eusdale Stock (Fig. 1) for 
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Fig. 1. Geological map of the Bathurst batholith and the rocks into which it is emplaced 
(with locality map inset), based on Bryan (1966) and Packham (1968). Outcrop of the batholith 
extends approximately 5 km southeast and 15 km west of that shown here, and one or two minor 
separate outcrops have been omitted. The Durandal Adamellite and Eusdale Adamellite are 
the two stocks outcropping near Yetholme, with the road-cutting sampled for this investigation 
shown in the Durandal Adamellite. Mackay (1964) named these two stocks the ““Eusdale stock” 
(eastern) and the “‘Durandal stock”. These have been termed the “Eusdah”’ and “Duronal”’ 
stocks respectively in Packham (1968), and on subsequent maps (J. Hawke, personal communica- 
tion, 1977). 


the two stocks, and Watts (1969) also used the term Durandal Stock. These 
two adamellite bodies are termed in this investigation the Durandal Adamellite 
and the Eusdale Adamellite. 


During 1970 a new road-cutting was made through the Durandal Adamellite. 
This cutting, 0-3 km long and up to 8m deep, exposed fresh adamellite cut by 
narrow aplite veins up to 12 cm wide, a “ dolerite’ dyke 30 ecm wide and one 
highly altered dyke of unrecognisable rock type. The opportunity was taken 
to sample these rocks for detailed investigation encompassing petrology and 
geochemistry, radiometric dating and palaeomagnetism (Facer, 1976, 1977). 
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GEOLOGY OF THE DURANDAL ADAMELLITE 


The Durandal Adamellite has a roughly circular outcrop about 6 km in 
diameter (Fig.1). It has been emplaced into rocks of Silurian (dated by Cas et al., 
1976) and Devonian age, including volcanic rocks, shales, greywackes and 
sandstones. Limestones are present in the Silurian rocks and locally these 
have been altered to hornfelses and skarns either by the adamellite or the main 
part of the Bathurst batholith, or both. Detailed descriptions of these rocks 
have been given by Mackay (1964) and Watts (1969). More recently Wright 
and Ghent (1973) described metamorphosed fossils from a hornfels just north 
of the Durandal Adamellite (at Walang), and Phillips and Carr (1973) discussed 
myrmekites from the Durandal Adamellite. 


GENERAL PETROGRAPHY 


Mackay (1964) has given comprehensive petrographic descriptions of the 
three main rock types from the adamellite at Yetholme. However, these three 
are apparently only variations of the overall adamellite rock type. The chilled 
marginal phase is very minor (described by Mackay (1964, p. 5) as being ‘‘ modally 
adamellites ’?) and the other two (described by Mackay (1964) as granites) are 
differentiated only on the basis of the presence of large potash feldspar 
megacrysts. Mackay (1964) has called these two types ‘“ megacrystalline 
granite’ and ‘‘ normal granite’’, the latter containing no more than 1% of 
potash feldspar megacrysts and occurring as an apparent core to the intrusion. 
On the basis of samples from the road-cutting near the north-western edge 
Phillips and Carr (1973) used the term ‘‘ adamellite”’ for this rock. Table 1 
contains an indication of the modal composition of samples from the stock, 
the data being based partly on the large number of determinations by Mackay 
(1964). It can be seen in column 2 of Table 1 that the potash feldspar content 
is very close to that of the plagioclase, and hence the rock is an adamellite, 
although Mackay (1964) has shown that the megacrysts had a late-stage formation. 
(These feldspar proportions become equal if the megacrysts comprise 11-5% 
of the total.) The “normal granite”? (Table 1) has a more granitic mode, 
but is still an adamellite. However, ‘‘ normal granite ”’ is noticeably subordinate 
to the ‘“‘ megacrystal ’’ phase (Mackay, 1964, Fig. 2). On the basis of the near- 
equality of potash feldspar and plagioclase, the term Durandal Adamellite is 
used here. Similarly, using the data of Mackay (1964), the term Husdale 
Adamellite is used for the eastern stock. 


MINERALOGY OF THE DURANDAL ADAMELLITE 


Because only the porphyritic adamellite was sampled for this investigation, 
the following summary does not include the even-grained phase described by 
Mackay (1964). However, major differences between the two types appear 
to be few. 


In the porphyritic adamellite pale pink subhedral potash feldspar megacrysts 
comprise about 10% of the rock. They are tabular, with lengths of up to 5-7 cm, 
and are set in an overall grey groundmass of grains generally up to 2-5 mm 
across. The megacrysts also occur as porphyroblasts in, and across the margins 
of, mafic and granitic or adamellitic xenoliths. These megacrysts are micro- 
perthitic and poikilitic (or poikiloblastic), with inclusions of quartz, plagioclase, 
biotite and sphene. Mackay (1964) and Phillips and Carr (1973) have given 
optical and x-ray data for this orthoclase, the composition of which varies from 
Orgs to Org, (Mackay, 1964, p. i). Carlsbad twins are very prominent. The 
megacrysts contain well-developed myrmekite, and some possess rapakivi 
texture. 
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TABLE | 
Modal analyses of rocks from the adamellite at Y etholme 


1 2 3 4 5 6 
Mode Modal percentages 

@usrizse heey. 33-0 29-7 34-8 35-0 38 tr* 
K-feldspar .. ai 23-5 31-2 35-0 36-0 32 3 
Plagioclase .. Be 36-8 33-1 28°5 28-0 22 50 
Biotite ae ie 5:7 5-1 1-32 1-0 i — 
Amphibole .. a tr tr — — — Pyrox. 15 
Maenetite + Ilmenit 0-61 0-55 0-29 <a) <1 9 

Sphene aie ae 0-30 0-27 0-04 tr — { See. 
Apatite ot i 0-03 0-03 0-01 — —— | Mins. 23 
99-94 99-95 99-96 100-0 100 100 


* tr=trace. 
Key: 

1. Average of groundmass analyses for “‘ megacrystalline granite’ from tables 2, (3, 3A) 
and 4 of Mackay (1964), giving unit weight to the average determined here for each of her tables 
(29 analyses, 3 tables) (Durandal and Eusdale stocks). 

2. As for 1, but recalculated to allow for 10% K-feldspar megacrysts to give a whole-rock 
analysis. 

3. Average for “‘ normal granite ”’ from tables 3A and 5 of Mackay (1964), giving unit weight 
(N=13) to each analysis (Durandal stock). 

4. Aplite (average of three analyses from Mackay (1964), table 8—calculated here on the 
basis of 31-3% quartz and 24-6% plagioclase in her sample P10) (Durandal stock). 

5. Aplite (one analysis only). Sample sub-site YET 3 (Facer, 1976), U. of W. number R5622 
(Durandal stock). 

6. Dolerite (field name) (two analyses). Sample sub-site YET 5 (Facer, 1976), U. of W. 
number R5629 (Durandal stock). The mode and chemical data agree with Watts (1969) who 
described microdiorite dykes from the Yetholme/Mt. Tennyson area. Appreciable secondary 
mineralisation makes modal determination difficult. A 5mm wide glassy margin occurs adjacent 
to the adamellite. 


The groundmass contains subhedral to anhedral grains, including quartz, 
plagioclase, potash feldspar and biotite, with minor accessory minerals. In the 
groundmass the quartz is anhedral and is locally strained—for example at 
dyke contacts. The potash feldspar is also anhedral, and may be twinned 
on the Carlsbad law. Rim albite and myrmekite occur where the potash feldspar 
is in contact with the plagioclase, and intergranular albite and myrmekite are 
found where potash feldspar is adjacent to potash feldspar (cf. Phillips and 
Carr, 1973). The groundmass plagioclase is subhedral, and commonly forms 
ageregates with a blocky outline. Zoning is well-developed, with cores as 
calcic as An,, to An,; grading out to rims of about An,. The cores show alter- 
ation to sericite and minor calcite. More sodic outer compositions are found 
aS optically continuous myrmekite and albite occurring in partial rims adjacent 
to potash feldspar. Biotite forms subhedral to euhedral grains up to 2mm 
across. It is pleochroic with «=straw, 8=y=—dark red-brown. Minor patchy 
alteration of biotite to green chlorite is widespread. Accessory minerals are 
commonly contained in the biotite, and include apatite, zircon and sphene. 
Minor hornblende is present in some samples. The opaque grains are aggregates 
of slightly titaniferous magnetite (with partial alteration to hematite), with 
minor pyrite and molybdenite (Facer, 1976). This molybdenite is polytype 
2H, (1. R. Plimer, personal communication, 1974; cf. Ayres, 1974). The 
Sulphides are minor constituents, and are concentrated along joint surfaces, 
or associated with the strongly altered dyke rock. Traces of molybdenite 
have been observed on potash feldspar megacryst cleavage planes. The sulphides 
were thus apparently among the last minerals to be formed. 
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MINOR ROCK TYPES WITHIN THE DURANDAL ADAMELLITE 


The minor rock types are aplite veins, pegmatite as patches or small veins 
generally less than one metre in length, ‘ dolerite”? dykes and xenoliths. 
Because Mackay (1964) and Watts (1969) have described the mineral composition 
of these in detail, only minor comments need be made here. Aplite modal 
data are presented in Table 1. The dolerite referred to here contains plagioclase 
(An;,) and accessory potash feldspar, and hence the term microdiorite (cf. Watts, 
1969) is probably more apposite. The pegmatite was not studied in detail 
for this investigation, but trace element geochemical data are included in Table 3 
(I. R. Plimer, personal communication, 1974). 

Considerable variation between xenoliths is noticeable and this may partly 
reflect variation in assimilation and recrystallisation within the adamellite 
rather than simply different country rocks. Three-dimensional variation in 
grainsize and potash feldspar content in the xenoliths was evident when drilling | 
samples for this investigation. The opaque mineral content of the xenoliths 
varies from 1° to approximately 5%, consisting primarily of anhedral to sub- 
hedral grains of magnetite. Hematite is a minor phase, both as discrete grains 
and as an alteration product of the magnetite. Mackay (1964) suggested that 
the predominant dark xenoliths may be derived from lamprophyric intrusions, 
although other country rocks are also present as xenoliths. (Lamprophyres 
were emplaced along the Cheshire Creek or Wiagdon Thrust, which is cut by 
the Durandal Adamellite.) The granitic (adamellite) inclusions are apparently 
examples of early-formed rock which were stoped into the main mass. 

The aplite veins were considered by Mackay (1964) to fall into two groups— 
a Steeply-dipping set, which cuts across potash feldspar megacrysts, and a set 
with shallow dips, the boundaries of which have been transgressed by the mega- 
erysts (Mackay, 1964, p. 24). No noticeable mineralogical variation was observed 
in this investigation between aplite veins, and Mackay’s (1964, p. 24) suggestion 
of a slight mineralogical difference may reflect her limited sampling opportunities 
caused by poor outcrop. 


TABLE 2 


Chemical analyses of rocks from a road cutting through the Durandal Adamellite at Frying Pan 
Creek, Yetholme 


Analysis 1 2 3 4 5 6 7 
Sub-site number a os VANE Cy) NADU) NADME Ge)  WaDMNe Sane fF 
Rock type ADA ADA ADA ADA ADA APL DOL 
2a—Oxide weight percentages 
SHON a 3 5b hg 67-99 72-06 68-30 70°85 69:71 75-10 44-70 
LOE. 66 ae 0-53 0-09 0-40 0-41 0-39 0-07 Meveal 
Al,O; 14-98 16-27 15-90 13:95 14-66 13-50 14-99 
Fe,0, 1-04 0-21 9.90 0-85 0-81 0:69 5-08 
FeO 2°39 1-09 ( 2-08 1-95 0-19 4-48 
MnO 0-08 nascls= n.d. 0:06 0:04 nd. 0-14 
MgO 1:27 0-32 0-85 0-96 1-01 0-07 6-61 
CaO 3-02 0-63 2-70 2-42 2-45 1-20 9-86 
Na,O 3-96 3-15 3°35 3:64 2-78 3-05 2-52 
K,O 3-18 4-9] 3-80 3-90 4-15 4-85 1-21 
H.O+ 1:04 1-24 n.d. 0:85 1:41 nd. 6-16 
H,O— 0-28 0-17 n.d. 0-16 0:20 n.d. 1-29 
PO; 0-19 0-11 0-14 0-14 0-14 0-01 0-96 
co, 0-080) 0-01" n.d. n.d n.d. n.d. n.d. 
Total .. oe JOO 03 100-26 98-34 100-27 99-70 98-73 99-71 
Specific Gravity —— —_ 2-66 2-66 2-67 2-61 2°76 
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TABLE 2—continued 


Chemical analyses of rocks from a road cutting through the Durandal Adamellite at Frying Pan 
Creek, Yetholme 


31 


Analysis 1 2 3 + 5 6 7 
Sub-site number — — NAMIE 4h MADNESS AIBN Bho NADL 6s 

Rock type ADA ADA ADA ADA ADA APL DOL 
2b—Norm percentages 
Q es an ae 23°90 32-69 27-61 27°55 30-23 36°15 0:06 
or Sie ie a 18-79 29-02 22-46 23°05 24-52 28-66 Mcglis 
ab 33-51 26-65 28-35 30-80 23:52) 25-81 21-32 
an 13-24 2:34 12-48 10.2107 Wabe 24 5-89 26-02 
di = — — 0-73 == — 13-06 
hy 5-97 2-48 2:12 4-58 4-86 0-17 11-81 
mt 1-51 0-30 — 323 ike 17 0:41 7:37 
hm = — 2-90) — — 0-41 _ 
il 1-01 0-17 — 0-78 0-74 0-13 3°25 
an te zis 0-40 (2) ins pis pally 
ap : oe 0-44 0-25 0-32 0-32 0:32 O- 2 2-22 
ce ab 56 36 0-18 0:02 — = ate sca ES) 
(OLDS ae ais 0-18 4-92 1-70 — 1-48 1-08 — 
(Water) ie ie (1:32) (1:41) (n.d.) (SO) (ea = Gouels)) (7-45) 
Total .. 100-03 100-26 98-34 LOO 2 19969") 9875 ori 
An/(Ab-+ An) oe 28-32 8-08 30-57 24-90 32-33 18:58 54-96 
An/(Or+Ab+An) .. 20-20 4-04 19-72 15:94 18-96 9-57 47-75 
FeO/Fe,0;, .. ea 2-298 5-190 — &) 2-447 2-407 — &) 0-882 


*n.d.=not determined ; analyses by x-ray fluorescence. 
ADA=Adamellite ; APL=Aplite; DOL=Dolerite or microdiorite. 


{) One analysis only. 


2) The presence of hematite and rutile in this norm arises because FeO and Fe,0, were not 


determined separately. 


‘8) Non-determination of CO, precludes normative calcite, but it should be noted that modal 


calcite is present. 


(4) Normative corundum is unreal in these rocks. 


excess Al,O3. 


Its presence is apparently caused by 


(5) Non-determination of separate FeO and Fe,O, precludes determination of this ratio. 


Ky : 


1. Adamellite—average of two analyses from a representative sample of fragments. 


S. E. Shaw.) U. of W. number R5616. 
2, Adamellite—average of two analyses. 


3. Adamellite—small sample (about 2 kg), 


U. of W. number R5625. 


(Anal. I. R. Plimer.) 
but as representative as possible. (Anal. B. Clift.) 


(Anal. 


4, Adamellite—small sample (about 3-5 kg) of adamellite about 10cm W of the dolerite 


dyke (analysis 7). 


(Anal. 8. E. Shaw.) U. of W. number R5627. 


5. Adamellite—small sample (about 2 kg) of adamellite about 5m E of the dolerite dyke 


(analysis 7). 


(Anal. S. EK. Shaw.) U. of W. number R5631. 


6. Aplite—representative sample of 10 em wide aplite vein (approximate orientation : 


strike 305°T, dip 85°SW). 
were avoided in this sample.) 


vertical). 
R5629. 


(Anal. B. Clift.) U. of W. number R5622. 
7. Dolerite—dyke about 0-4 m wide (approximate orientation: 000°T, dip approximately 


(Same comment re joints as for analysis 6.) 


CHEMICAL COMPOSITION OF THE DURANDAL ADAMELLITE 
Table 2a contains major oxide analyses from the main rock types of the 


Durandal Adamellite. 


(Some joints were coated with secondary minerals—these coatings 


(Anal. 8. E. Shaw.) U. of W. number 


CIPW norms are given in Table 2b, along with various 
ratios, such as feldspar ratios. 


Trace element data for the adamellite and for 
potash feldspar separated from four different phases in the stock (J. R. Plimer, 
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personal communication, 1974) are presented in Table 3. Mackay (1964) 
concluded that chemical analyses would be of limited value in interpretation 
because of the difficulty in separating feldspar phases and inclusions. Such 
a problem (of analysing for major elements such as Na and Ca) might be overcome 
by analysing for trace elements because slight variations between phases may 
be more noticeable in the minor elements whereas variations of a few percentile 
points may not be apparent in the major elements. 

Analysis 2 is distinctive among the adamellite analyses. This may have 
arisen because the material analysed represented a late stage of crystallisation. 
Mackay (1964, Chapter 6) presented a theoretical discussion in which megacryst 
growth (discussed further below) resulted in an increase in K and a decrease in Ca. 

The CIPW norm for the dolerite (analysis 7) lends support to the name 
‘* microdiorite ’’ (based on its mode) because of the minor normative quartz 
and orthoclase. The high water content and modal calcite agree with the 
suggestion (Watts, 1969) of deuteric alteration. It is possible that this dyke 
has caused minor contamination of the adamellite within a few centimetres 
of the contact because analysis 4 yields minor normative diopside, and the dyke 
contains modal augite or diopsidic augite, and normative diopside. The radio- 
metric age of the dyke (298+10 My; Facer, 1976) is similar to the average 
age for the granitic phases of about 312 My and thus its emplacement occurred 
near the end of the main intrusive phase. Despite the sharp contact between 
the dyke and the adamellite (like some of the aplite veins) there is some hand 
specimen and thin section evidence of minor ‘‘mixing”’ between the adamellite 
and the dyke, although this may be restricted to minor stringers of dyke material 
in the adamellite. 

The trace element data (Table 3) suggest that there are appreciable differences 
between the whole rock and the separated potash feldspar. For U and Th, 


TABLE 3 


Trace element distribution in the Durandal Adamellite and feldspar separates from a road cutting 
at Frying Pan Creek, Yetholme 


Analysis 2 8 9 10 11 
Whole rock Potash Feldspar separates 
Megacrysts Groundmass Pegmatites Xenolith 

Trace elements, parts per million 
. 28 bld* 2 3 bld 
Sr he 29 57 65 69 67 
Zr Si 82 <1 bld 4 2 
U ae 7T <i —<l bld bld 
Rb ae 322 557 573 596 566 
Th 5 19 <l bld bld bld 
Pb a 31 39 46 43 67 
Ga Hl 20 25 24 24 29 
Zn a 14 6 bld 10 4 
Cu ae 7 <1 18 4 bld 


* bld=below the level of detection. 


Ky: 
All analyses by I. R. Plimer using X.R.F. techniques standardised against U.S. Department 
of Commerce, National Bureau of Standards 70a potassium feldspar, U.S. Geological Survey 
rocks W1, G2, DTS-1 and GSP-1. The Pb values may be high due to contamination during 
analysis (I. R. Plimer, personal communication, 1974). 

2. Adamellite—average of two analyses, cf. analysis 2 in Table 1. (The values for the two 
analyses were close, apart from U, 9 ppm and 4 ppm and Cu, 5 ppm and 9 ppm.) 

8. and 9. Feldspar crystals separated from the adamellite—megacrysts (8) and groundmass 
(9). 


10. Feldspar crystals separated from a very narrow (few cm wide) quartz-perthite pegmatite. 
11. Feldspar megacryst from within a xenolith. 
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which are higher in the whole rock, and Sr which is lower, these differences are 
perhaps a little unusual. Mason (1958, p. 134) observed that U and Th both 
tend to be concentrated in pegmatites, and (p.131) that Sr tends to be concen- 
trated in plagioclase (and hence presumably should be higher in the whole rock). 
Within the group of feldspar separates only Cu, Pb and Zn show any noteworthy 
difference between the feldspars from the four phases (megacryst, groundmass, 
pegmatite and xenolith). 


HEAT GENERATION 


Bunker et al. (1975) determined heat generation in a number of Australian 
crystalline rocks, including the Bathurst batholith. The heat production H 
in uwcal/g-yr was derived from the expression (Bunker et al., 1975, p. 2) 

H=0-73 U(ppm)+0-20 Th(ppm) +0-:27 K(%) (1) 
using the abundance of the ‘‘ radioeclements’”’ K, U and Th. Heat generation 
units (1 hgu=10~! cal/em? sec=0-418 uW/m3) can be determined from H of 
equation (1) by multiplying by (density/3-156). 

In their table 2—2, Bunker et al. (1975) gave “‘ radioelement ”? abundances 
and H determinations for a number of samples from the University of Sydney 
collection of Bathurst batholith samples. Using the data from Tables 2 and 3, 
and table 2—2 of Bunker et al. (1975), heat generation data for the Durandal 
Adamellite are presented in Table 4. 


TABLE 4 
Heat-generation data for rocks from the Durandal Adamellite 


Heat Gener- 
No. Locality Chemical Data ation Reference 
8. Lat. E. Long. U(ppm) Th(ppm) K(%) heu* 
Ie 33°27’ =149°50’ 3-63 17:26 3:20 5-88 Bunker eé al. (1975) 
2. 33°27’ 149°49’ 7-00 19:00 3-31 8-27 This study 
3. Bathurst batholith 7:43 Bunker et al. (1975) 


and this study 


* 1 hgu=0-418 uW/m? (Bunker et al., 1975, p. 2). 


Key : 


Entry 1. The hgu is calculated from Table 2-2 of Bunker e¢ al. (1975), assuming an SG 
of 2-663. 


Entry 2. U and Th—2 analyses; K—7 analyses; SG=2-663. 

Entry 3. Simple arithmetic average, assigning unit weight to the localities given by Bunker 
et al. (1975), and using the average of their two Tarana results and the average of entries 1 and 2. 
SG was assumed to be 2-67. 


DISCUSSION AND CONCLUSIONS 


One of the most distinctive features of the Durandal Adamellite is the 
presence of the potash feldspar megacrysts. Mackay (1964, p. ii) concluded 
that ‘‘ the potash feldspar megacrysts . . . grew at a late stage, in the solid 
state, due to the action of volatiles expelled from the unsolidified magma 
beneath’. Field and hand-specimen evidence cited by Mackay (1964), 
and evidence studied in this investigation, included the presence of small xenoliths 
of the groundmass (or xenocrysts) within the megacrysts, and the presence of 
these megacrysts in xenoliths and across the xenolith boundaries. Mackay 
(1964, p. 24) also observed megacrysts crossing some aplite vein margins. In 
her investigation Mackay (1964) concentrated on the mineralogical characteristics 
of these megacrysts and presented a comprehensive outline of the growth of 


PROCEEDINGS OF THE LINNEAN SociETY or NEw SourtH WatEs, Vou. 102, Part 1 


34 GEOCHEMISTRY, HEAT GENERATION IN DURANDAL ADAMELLITE 


the potash feldspar grains after initial crystallisation of the adamellite. This 
late-stage growth was possible because the intrusion apparently behaved as 
a ‘closed’ system without the extensive development of (cooling) joints. 
Thus the late-stage fluids could not be concentrated along such fractures and 
hence behaved as an ‘‘ ionic fluid’ permeating the whole mass and effecting. 
noticeable ionic exchange and replacement. Some emplacement of aplite 
veins and dolerite or microdiorite dykes possibly occurred after growth of potash 
feldspar megacrysts. It is suggested here that the sulphide minerals (especially 
molybdenite) were the last minerals to be developed. 


Chemical data (Tables 2 and 3) tend to confirm the conclusions of Mackay 
(1964) based on the mineralogical and petrographic data. I. R. Plimer (personal 
communication, 1974) concluded that alkali exchange had been complete (because 
there is little trace element difference between the different feldspars). This 
suggests that equilibrium (for example, Mackay’s (1964) discussion of K replacing 
Ca) was at least close to being achieved during final cooling of the xenolith- 
bearing adamellite. It may be that, although the potash feldspar grains 
apparently crystallised at slightly different times, most of this crystallisation 
occurred from a single system allowing full exchange between late-stage fluids 
and earlier-formed crystals. Hence at least many of the potash feldspar mega- 
erysts in the Durandal Adamellite are apparently not of intratelluric origin, 
which Joplin (1931) suggested may be the origin of at least some potash feldspar 
phenocrysts in a porphyritic granite at Hartley. 


Calculated values of heat generation in the Durandal Adamellite, and in 
the whole Bathurst batholith, vary between samples. In the case of the Durandal 
Adamellite this could represent variation in potash feldspar content, although 
Mackay’s (1964) results and Tables 1 and 2 suggest that there is not a simple 
relationship between potash feldspar and heat generation. The trace element 
data (Table 3) indicate no noteworthy difference in Th and U between potash 
feldspar from four different ‘‘ sites ”’ within the adamellite. Th and U contents 
in the whole rock (porphyritic adamellite) are noticeably higher than in the 
potash feldspar. Hence, as the heat generated by the K-content rises as a 
result of increased potash feldspar content, the heat generated by the Th and 
U falls. For the Durandal Adamellite the Th and U are the main contributors 
to heat generation, suggesting that its variation is caused by variation in those 
two elements. This situation seems to obtain for other rocks from the Bathurst 
batholith, although further work would be needed to confirm this suggestion. 


The heat generation of the Bathurst batholith is at least as high as, and 
in some cases appreciably higher than, other intrusive rocks from the New South 
Wales portion of the Eastern (Heat-Flow) Province of Sass et al. (1976) (see 
Bunker et al., 1975 and Sass et al., 1976). Unfortunately no heat-flow data 
are available for the batholith (Munroe et al., 1975), although a shallow diamond 
drill hole at Lat. 33° 34’S, Long. 149° 34’E just south of the batholith yielded 
a corrected heat-flow of 1-5 hfu (1 hfu=10-6 cal/em? sec=41-8 mW/m2, Sass 
et al., 1976). This value is less than those obtained for the Sydney Basin (Munroe 
et al., 1975). Sass et al. (1976, p. 77) concluded that there was “‘ increasing 
heat flow from north to south” across New South Wales. However, it is 
considered here that additional therma! data from igneous rocks of the Tasman 
geosyncline and the New England region need to be accumulated before such 
trends are more firmly established, and such a study is in progress. The 
(relatively) high heat generation for the Durandal Adamellite and the Bathurst 
batholith, and the (relatively) high heat-flow for the Sydney Basin may be 
related. As well as being close to a zone of moderate seismicity, the high heat- 
flow values for the Sydney Basin may reflect the high heat generation by the 
batholith, which forms at least part of the basement to the basin. 
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NITROGENASE ACTIVITY DURING THE LIFE CYCLE OF 
AZOTOBACTER 


G. R. FUNNELL* AND Y. T. TCHAN* 
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INTRODUCTION 


The life cycle of Azotobacters has been extensively investigated by 
Winogradsky (1938), Tchan et al. (1962), and Wyss et al. (1961). Recently 
Loperfido and Sadoff (1973) reported on the biosynthesis of macromolecules 
and nitrogen fixation during cyst germination. A recent comprehensive review 
has been published by Sadoff (1975) on this subject. However in spite of 
intensive biochemical investigation of nitrogenase, the details of the status of 
this enzyme during cyst formation and germination remain incomplete. 


MATERIALS AND METHODS 
ORGANISMS 


Azotobacter beijerinckii strain VB was used. 


MEDIA 

N-free medium was used (Winogradsky, 1938). 1° sucrose was added 
for the growth of vegetative cells. This was replaced by 0-2% n-butanol 
(autoclaved separately) for cyst formation. 


Plates were solidified with 1-5°% agar. All media were autoclaved at 101 
pKa for 15 minutes. 


CHEMICALS 
Only A.R. grade chemicals were used. 


GROWTH CONDITIONS 
Cultures were maintained on Winogradsky’s 1% sucrose N-free agar slopes 


at room temperature. Batch cultures were grown in 300 ml of N-free medium 
in a 1 litre conical flask on a rotary shaker at 30°C. 


OPTICAL DENSITY MEASUREMENT 


The optical density (OD) of the cultures was measured on a Unicam SP 
600 at a wavelength of 700 nm (1 em light path), using distilled water. 


GROWTH AND NITROGENASE ACTIVITY 

Three hundred ml of N-free medium were inoculated with A. beijerinckiv. 
At different time intervals (see Fig. 1) duplicated samples were taken for the 
study of growth and nitrogenase activity. 

The nitrogenase activity was expressed : 

(i) On a per volume basis: the C,H, peak height obtained from a constant 
volume of bacteria (0-5 ml) at different OD was used to measure the 
nitrogen fixing capabilities of a given population during growth. 

(ii) On a per cell basis: the C,H, peak height per 0-5 ml of bacterial 
Suspension, adjusted to a pre-determined OD of 0-50, was used to 
evaluate the nitrogenase activity. 


* Department of Microbiology, University of Sydney, New South Wales, 2006. 
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CYST FORMATION 


A culture of Azotobacter beijerinckii was harvested, washed in Winogradsky’s 
N-free buffer, and spread over 14 cm diameter Petri dishes containing n-butanol 
agar. Incubation at 30°C resulted in cyst formation within a week. 


CYST GERMINATION 


Germination was initiated by suspending cysts in 30ml of medium 
containing 1°, sucrose. When a combined nitrogen source was used (e.g. urea) 
it was added up to a suitable final concentration. Incubation was carried 
out in a Gallenkamp reciprocating shaker held at 30°C and shaken at 100 strokes 
per minute. Samples were taken for C,H, reduction assays at various time 
intervals and fixed smears were prepared for monitoring the rate of germination 
by microscopic examination. 


STAINING TECHNIQUES 


Violamine stain. The technique of Winogradsky (1938) was used. 

Acridine orange stain. A 0-1% stock solution was prepared and stored 
at 0°C. A 10-fold dilution was used to prepare a wet mount of the cells in the 
acridine orange solution. A drop of oil was incorporated into the wet mount 
to prevent free movement of the cells during microscopic examination. 
Fluorescent microscopy was used to observe the cells. 

Vegetative cells were green, whereas the cysts had a green central body 
and a red coat. 


INHIBITION STUDIES 


A number of combined nitrogen sources were utilized to examine the 
possibility of feed-back inhibition of the nitrogenase. Series of concentrated 
solutions of (NH,),CO,, NaNO,, KNO, and urea were prepared; 0-2 ml of a 
particular nitrogen salt solution was added to 19-8 ml of culture to give a final 
range of concentration from 0-:15mM to10mM. The pH was adjusted to 7-0. 

Concentrated solutions of a number of organic combined nitrogen sources 
were also prepared, (L-glutamate, L-asparagine, glycine, L-lysine and L-serine). 
One ml of the stock solution was added to 19-0 ml of culture to give a series 
of concentrations ranging from 3 mM to 20mM. (The pH was adjusted to 7-0.) 

A culture was grown to an OD of 0-8-1-2, at which time appropriate 
aliquots were added to 150ml conical flasks. A combined nitrogen source 
was added to these flasks to the required concentration. Ten minutes were 
allowed for mixing in a reciprocating water shaker held at 30°C before samples 
were taken for C,H, reduction assays. The cultures were later harvested and 
resuspended in an N-free medium and further samples taken for analysis. 


ACETYLENE REDUCTION ASSAY 
Assay Procedure 

Duplicate 12 ml capacity vials with rubber seals, containing 0-5 ml of 
bacterial suspension in an atmosphere of 80% argon and 20% oxygen were 
used. 0-8ml of gas was removed by a tuberculin syringe and replaced by 
0:8 em? of C,H,. The vials were incubated and gently shaken at 30°C for 
3 hours in a Warburg respirometer. Ice was used to stop the reaction. A 
200 ul sample of the resultant gas mixture was used in the gas chromatography 
assay. 


The Gas Chromatograph 

A Packard gas chromatograph fitted with a flame ionisation detector 
(Electrometer model 840: H.V. supply model 838: dual flow controller model 
824: oven model 802) was used. 
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Column 
A eoiled column 45mm by 3mm packed with Parapak T was used. The 
operating conditions were as follows : 
column temperature—75°C; inlet temperature—70°C ; detector temperature 
—100°C ; carrier gas flow rate—100 em?/min; H, flow rate—60 cm?/min ; 
air flow rate—450 cm?/min. 
The acetylene and ethylene peaks were separated within 90 seconds. The 
C,H, peak height (in mm) was used to measure the nitrogenase activity. 


RESULTS AND DISCUSSION 
NITROGENASE ACTIVITY IN VEGETATIVE CELLS AND DURING CYST FORMATION 


The nitrogenase activity of vegetative cells was measured during a growth 
cycle (Fig. 1). The activity of the enzyme per unit of volume increased during the 
first 20-22 hours until an optical density (OD) of 1-5 was reached. After this 
initial period, the activity remained constant for the next 10 hours and then 
decreased quickly to nil in the following 8 hours. The cell division did not 
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Fig. 1. Nitrogenase activity during the growth of Azotobacter. 


So 


follow the same pattern. The logarithmic growth continued until the stationary 
phase was reached at 40-42 hours. It was apparent that during the 10 hour 
period (from 22 hours to 32 hours) the total activity of nitrogenase per volume 
remained constant in spite of increase in cell density. Hither there is a repression 
of enzyme synthesis or a reduction of its activity during logarithmic growth 
of the culture. The enzymic activity decreased further towards the end of the 
exponential phase and eventually ceased when the stationary phase was reached. 

The sudden drop in activity approaching the stationary phase of growth 
suggested the possibility of either destruction or inactivation of the enzyme. 
When a few grains of sucrose were introduced to the reaction vial containing 
a culture which had recently reached the stationary phase, the activity was 
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rapidly restored. This indicated that a shortage of energy supply was responsible 
for the drastic reduction in activity. 

In order to ascertain if the inactive nitrogenase could persist in the cell 
prior to its encystment, a culture which had ceased its nitrogenase activity for 
72 hours was used. Two 30 ml aliquots were taken and treated as follows : 
(a) control, (b) with an addition of 1% sucrose. After three hours of incubation 
only treatment (b) gave some small nitrogenase activity. These results demon- 
strated that nitrogenase activity was practically nil and could not be restored 
rapidly. 

From the above experiment, it can be inferred that the cells undergoing 
encystment were almost completely depleted of active nitrogenase. 


NITROGENASE DURING THE GERMINATION OF CYSTS 

If the cysts were depleted of active nitrogenase prior to their formation, 
it would be important to investigate the activity of this enzyme during the 
germination of the cyst. 

The germination of cysts in N-free sucrose medium was followed micro- 
scopically using orange acridine and violamine staining. Samples were also 
taken at regular intervals to follow changes in nitrogenase activity. A parallel 
experiment with a medium containing combined nitrogen (200 ppm of urea) 
was performed (see Table 1). 


TABLE 1 
Nitrogenase activity and germination of cysts in nitrogen-free and in urea media 


Nitrogen-free medium 


Total % of 


Time (hours) Nitrogenase activity Germination % Germination 
(The activity % using total Displacement of 
germinated as 100%) Free cell central body 
0 0 0 0 0 
2-5 23 0 3:0 3:0 
9-25 100 38 62 100 


Medium with 200 ppm of urea 


36 5 4] 
100 0 100 


o> bo 
oo 


In the presence of combined nitrogen, cyst germination proceeded at a 
much greater rate. As urea is a well known repressor of nitrogenase, it demon- 
Strated that the activity of this enzyme was not essential in cyst germination 
when combined nitrogen was available. There was a considerable discrepancy 
between the nitrogenase activity and cyst germination. After two hours of 
incubation, very few cysts showed sign of germination (only 3-0°% of cells showed 
any displacement of the central body) but the nitrogenase activity had already 
reached 23°, of that of a fully germinated cyst suspension. This suggested 
that nitrogenase activity had developed prior to the cytological evidence of 
germination. Also after the initial lag period (one hour) the nitrogenase activity 
increased linearly with time until all the cysts had germinated (Fig. 2). 

The inhibition of nitrogenase by urea did not exclude the possibility of 
synthesis of precursors of nitrogenase nor accumulation of other factors essential 
for nitrogenase activity. After four hours of incubation in a medium containing 
200 ppm of urea, cysts were harvested and washed in Winogradsky’s mineral 
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@- @ in the absence of urea 
id m in the presence of urea 
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Fig. 2. Nitrogenase activity in the presence and absence of urea. 


Solution and resuspended in N-free medium. Samples were taken regularly 
for nitrogenase activity assays. A control experiment was performed whereby 
cysts were germinated initially in an N-free medium for three hours, followed 
by the addition of 200 ppm of urea and a further incubation of one hour. The 
cysts were later harvested, washed and resuspended in an N-free medium. 
Samples were also taken at regular intervals during this experiment for nitrogenase 
activity assays (Fig. 3). 

It was evident that after a short lag period the nitrogenase activity increased 
linearly. The activity was completely inhibited upon addition of urea. This 
inhibition was entirely reversible since the activity was restored upon removal 
of the urea. There was no nitrogenase activity in cysts germinated in the 
presence of urea. Upon removal of urea, an immediate increase of nitrogenase 
activity occurred at a rate comparable to that of N-free cultures. However, 
the disappearance of the lag period suggested that initial activation of nitrogenase 
had occurred during germination in the presence of urea. 


INFLUENCE OF PH ON NITROGENASE ACTIVITY 


Some supporting evidence for the activity of nitrogenase in the cyst prior 
to its germination was obtained in an acid environment. A comparative study 
of the nitrogenase activities of vegetative cells and germinating cysts was carried 
out. It was clear that the nitrogenase activity of vegetative cells decreased 
with a lowering of pH. All activity ceased at a pH of 5-6. With cysts, after 
a Short lag period nitrogenase activity was detected in a medium at a pH as 
low as 4-3 (see Table 2). 
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TABLE 2 
Influence of pH on nitrogenase activity of germinating cyst and vegetative cells 


pH OA SON dione OG) Os O 2a) Di OM ol asm ol aA 
Percentage of Cyst 100 100 — — 100 — — 70 — 70 
nitrogenase activity Veg. cell LOOM OAs in Oil a sa Oaneato 0 Oo — oo — 


There is no reason to believe that the vegetative cell directly produced 
from a cyst would have better tolerance to pH than a normal cell. Therefore 
when the cyst coat is ruptured the nitrogenase activity of the emergent cell 
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Fig. 3. Influence of urea on nitrogenase activity. 


would be impaired in an acid environment. The measured activity of nitrogenase 
from a germinating cyst would most likely come from the germinating cell 
prior to the rupture of its cyst coat. 


INHIBITION OF NITROGENASE ACTIVITY IN VEGETATIVE CELLS 


The C,H, reduction per unit of cells in Fig. 1 showed a constant reduction 
in nitrogenase activity during the logarithmic growth of the culture. Such a 
reduction could not be attributed to a lack of energy supplies since the synthesis 
of cell mass still progressed at a logarithmic rate. It was suggested that the 
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possibility of a leakage of nitrogenous compounds may be responsible for such 
inhibition. The influence of the following chemicals on nitrogenase activity 
was tested: NH,, urea, NO,, NO;, L-serine, L-lysine, glycine, L-asparagine 
and L-glutamine. In all cases the pH was carefully adjusted and maintained 
at neutrality. 

Only urea and NH, would inhibit nitrogenase activity at a low concentration 
(0-15 mM) (see Table 3). It was not likely that the accumulation of nitrogenous 
compounds in an actively growing culture could exceed 0-5 mM and therefore 
the hypothesis of nitrogenase inhibition by organic molecules could not be 
substantiated. No attempt was made to explain this phenomenon (see Table 3). 


TABLE 3 
Influence of nitrogenous compounds on nitrogenase activity of vegetative cells (percentage of 
activity) 
Concentration 
mM 0 0-15 0-50 1 2 3 6 9 14 20 
Urea .. a 100 94 75 60 30 10 — 10 _ -- 
lek, 3c us 100 87 70 61 25 5 “= 2 — — 
NOSE. at 100 118 130 87 25 3 — 1 — — 
INO Ft: uA 100 120 86 50 24 22 — 21 a —— 
L-serine ae 100 — — — — 97 88 86 91 co 
L-lysine Sip 100 — — — — 98 89 100 98 — 
Glycine a 100 — — — — 140 138 135 125 — 
L-asparagine. . 100 — — — — 135 136 123 140 — 
L-glutamine .. 100 — — — — 108 110 114 136 144 


Our experiment also demonstrated that cessation of nitrogenase activity 
in cysts was not due to the repression of enzyme activity. Therefore one of 
the processes of cyst germination was the initiation of nitrogenase activity if 
the germination occurred in a nitrogen free environment. Our data differed 
from the findings of Loperfido and Sadoff (1973) which stated that nitrogen 
fixation started when the outgrowth (defined by these authors as the time at 
which cysts rupture and release vegetative cells) occurred, which suggests that 
nitrogen fixation started when the cyst was transformed into a vegetative cell. 
Our results indicated that the nitrogenase was active prior to cytological evidence 
of germination and suggested that it was not necessary to reach the vegetative 
stage of development to initiate nitrogen fixation. Furthermore in an adverse 
environment (acid pH) the cyst coat will protect the enzyme from its inactivation 
by hydrogen ions. It is also interesting to note that in spite of the presence 
of a powerful repressor (urea) the lag period of nitrogenase activity observed 
in germinating cysts in N-free medium was eliminated. 
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Synopsis 
Asiola gen. nov., with type species Asilus blasio Walker is described and a key presented 


for separation of three new species : Asiola atkinsi, A. lemniscata and A. fasciata. Prey is recorded 
for A. fasciata. 


INTRODUCTION 

During a revision of the Australian robber fly genus Neoaratus Ricardo, 
N. blasio (Walker) was found to differ fundamentally from typical Neoaratus 
Species to an extent that warranted generic separation. Examination of 
specimens from eastern and western Australia that had formerly been cited as 
blasio showed that two distinct species were present, and two other species 
were discovered in collections. 

Asilus blasio was described from a single male collected by G. Clifton at 
Perth, Western Australia. Ricardo (1913) recorded 2 males and 6 females 
from the Dandenong Range, Victoria, and redescribed the species. Hardy 
(1920) recorded a series of each sex collected at Blackheath, New South Wales 
in November 1919, adding that specimens from eastern Australia may not be 
conspecific with those from Western Australia. Hardy (1935) transferred all 
Australian species of Asilus Linné to Neoaratus without distinguishing between 
the two genera. Hull (1962) returned Ddlasio to Asilus, even though the species 
would not run to Aszlus or Neoaratus in his key. 


ASIOLA gen. nov. 


Medium sized flies recognised by the combination of: bare metanotal 
callosity ; facial gibbosity arising abruptly above middle of face and extending 
along lower two thirds of face ; scutellum with at least 2 pairs of long marginal 
bristles, disc hairy ; fourth posterior cell and anal cell short-petiolate ; veins 
R, and R; parallel for most of their lengths (Fig. 3); ovipositor not laterally 
compressed ; female ninth sternite keeled distally ; aedeagus with a pair of 
basal filament-like processes (Fig. 4) ; tergites 1-3 with bristle-like hairs which 
are only distinct because of the absence of long hairs nearby. 


Type species. Asilus blasio Walker. 


Distribution (Map 1). Recorded from all states except Tasmania and the 
Northern Territory. In Queensland, New South Wales, and Victoria, the 
genus occurs mostly in the mountainous regions, but in New South Wales is 
also found in the Western Slopes and Plains. 


COMPARATIVE NOTES. Asiola is distinguished from Neoardtus senso stricto by 
its much smaller size, bare metanotal callosity, bristled scutellar margin, 
scutellar disc with long hairs, moderately hairy legs, veins R, and R; parallel 
for most of their lengths, second posterior cell only slightly wider than discal 
cell, marginal cell not expanded in males, and female eighth tergite tapered, not 
cup-like. From Neoitamus Osten Sacken, to which Asiola may have closer 
affinities, it is distinguished by the long, high facial gibbosity, and the form of 
the female ovipositor which lacks any degree of lateral compression. 


* Associate, Australian Museum, 6-8 College Street, Sydney, New South Wales, 2000. 
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Figs 1-4 Asiola fasciata. 1. Head, laterally. 2. Head, anteriorly. 3. Wing. 4. Aedeagus. 
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Collections in which examined material is located are indicated by the 
following abbreviations; AM Australian Museum, Sydney ; ANIC Australian 
National Insect Collection, Canberra ; GD Author’s Collection; NMV National 
Museum of Victoria, Melbourne; SAM South Australian Museum, Adelaide ; 
UQ University of Queensland, Brisbane; WAD West Australian Department 
of Agriculture, Perth. 


Ky TO SPECIES OF Asiola 
1. Fore femur basally with a black anterior spot, or entire 
anterior surface black a Me ae a ai 2 
Fore femur without any black marking he Hie 3 
. Yellow and black species. Femora orange-red with a variable 
black anterior marking. 
@ldE NESW, Wace: a a a a ie : 
Grey and black species. Femora entirely black anteriorly, 
mostly yellow posteriorly. 
SAG WAS. a ae ie as oe : .. lemniscata sp.n. 
3. Mesoscutum golden-yellow ; wide median line and dorsocentral 
area black; humeral callosity, anepisternite, pteropleuron, 
pleurotergite and metanotal callosity golden yellow. Hind 
femur with apical third black. 
W.A. a Ss ar SM 54 on .. blasio (Walker) 
Mesoscutum yellow-grey, dorsocentral area black, variable ; 
pleura yellow-grey. Hind femur with a black anterior line 
on apical half, sometimes along full length. 
Olde a. as oe a8 ee a “is ies aie atkinsi sp.n. 


bo 


fasciata sp.n. 


Asiola fasciata sp. nov. 
Figs 1-6, 13 

Asilus blasio, Ricardo, 1913: 444; Hardy, 1920: 257, fig. 9; Hardy, 1923: 175 ; 
Hull, 1962 : 546. 
Neoaratus blasio, Hardy 1935 : 186, (part). 
Holotype. 3 (AM), Blackheath, N.S.W., 14.xi.1919, G. H. Hardy. 
Paratypes. NEW SOUTH WALES: Blackheath: 1 2 (AM), 13.xi1919; 1 4, 
1 9 (NMYV), 16.xi.1919 ; 1 9 (AM), 21.xi.1919, G. H. Hardy; 1 g (NMV), x.1930, 
FP. H. Wilson; 2 g, 1 2 (NMV), 3.xii.1946, A. N. Burns; 1 2 (ANIC), Mount 
Boppy, near Cobar, 25.xi.1949, 8. J. Paramonov ; 1 ¢ (GD), Burning Mountain, 
near Scone, 31.x.1976, G. Daniels; 3 3 (GD), Goonoo State Forest, 5 miles S 
of Mendooran, 4.x.1970, G. Daniels; 1 9 (GD), Mount Bell, Blue Mountains, 
12.x.1975, G. Daniels; 1 3, 1 9 (ANIC), 9 miles SSW of Portland, 1.xii.1948, 
K. H. L. and B. Key; 1 9 (GD), near Evan’s Lookout, Blackheath, 16.x.1971, 
fe (GD) 2a. xa OMS 1 (GD), Texan o( 3s i ol OGD) 22 xi 97d, We 
(GD), Martin’s Lookout, near Springwood, 23.x.1971, all G. Daniels ; 1 § (NMV), 
Wentworth Falls, x.1930, F. HE. Wilson; 1 ¢ (GD), Hat Hill, near Blackheath, 
24.xi1.1973, G. Daniels; 1 3g (ANIC), Narrow Neck, Katoomba, 4.xii.1948, 
K. H. L. and B. Key; 1 ¢ (AM), Blue Mountains, 4.x.1915, A. Musgrave ; 
1 9 (ANIC), Woodford, 14.xii.1926, I. M. Mackerras; 12 g, 5 2 (ANIC), 
Canberra, 2-20.x1.1947; 1 3, 1 2 (ANIC), Canberra, 9-13.xi1.1948, S. J. 
Paramonov; 1 9 (ANIC), Cotter River, 8.xii.1935, M. Fuller; 1 2? (ANIC), 
Cotter River, 22.xi.1951, H. M. Cane; 2 9 (ANIC), Mount Franklin, 29.ix.1949, 
S. J. Paramonov; 1 3 (ANIC), Mount Stromlo, 10.xii.1931, W. K.. Hughes. 


VICTORIA : 1 9 (NMV), Dandenong Ranges, 5.x.1922, F. P. Spry. 


OTHER MATERIAL EXAMINED. QUEENSLAND: 1 specimen with abdomen missing 
(UQ), Inglewood, 4.xi.1925, F. A. Perkins. 
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? vicroRIA: 1 g (NMYV), no locality, 6.xi.1898, C. French. This last specimen 
bears a label ‘‘ Asilus blasio Wlk. det by Miss G. Ricardo ”’. 

Differs from the description given for A. lemniscata as follows : 
MALE. Head (Figs 1, 2). Facial gibbosity and face yellow pollinose. Relative 


lengths of antennal segments, 1-4—1-7 : 1 0 :1-9-2-0 ; arista 1-9-2-0. Segment 
1 with yellowish hairs laterally. 

Thorax. Mesonotum black; medial line greyish pollinose; dorsocentral line 
and lateral slopes yellow pollinose; pleura grey pollinose with a yellow tinge 
throughout. 


Map 1]. Distribution of Asiola. 


© blasio A atkinse 
@® lemniscata @ fasciata 


Legs. Coxae yellow-grey pollinose, white haired; femora reddish orange ; 
fore femur with a black anterodorsal spot not extending past basal third of 
femur ; hind femur with a black anterior line on basal half, rarely longer, apically 
black. Tibiae black subapically, at most covering apical third. Tarsi and 
claws black. Hairs on legs mostly black, but with white elements scattered 
throughout. 

Wing. Fig. 3. 

Abdomen. Yellow pollinose ; yellow haired on tergites 1-7, black along medial 
line; sublateral black line indistinct on tergites 5-7. Sternites yellow-grey 
pollmose. Aedeagus (Fig. 4). Terminalia (Figs 5, 6). 


FEMALE. Similar to male except for genitalic characteristics. Reproductive 
system (Fig. 13); spermathecae three, each with an extremely long duct. 


DIMENSIONS. Body length, excluding antennae, ¢ 16-5-22-0mm, @ 16-7- 
20-5mm ; length of thorax, $ and 9, 4:5-6-0mm; length of wing, ¢ 10-5- 
14- o9mm, 2 11-2-14-2 mm. 
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Figs 5-12. Asiola sp. Male terminalia. Figs 5, 6. A. fasciata. Figs 7, 8. A. blasio. Figs 9, 10. 
A. atkinsi. Figs 11, 12. A. lemniscata. Odd figures are lateral views, even figures are dorsal views 
and have setae and bristles omitted. 
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HABITAT. The Blue Mountains specimens were taken in dry sclerophyl forest, 
with no obvious preference for cleared or timbered areas. The Burning Mountain 
specimen was taken on the northern slope of a hill that was completely stripped 
of native vegetation except for an occasional eucalypt tree. The ground cover 
comprised several species of grass. 


PREY. 1 3, from Evan’s Lookout, Blackheath, 17.xi.1973 with a bee, Letoproctus 
sp. (Hymenoptera : Apoidea : Colletidae). A 9, same data, with a scarab beetle, 
Diphucephala sp. (Coleoptera : Scarabaeidae : Melolonthinae). 


Asiola lemniscata sp. nov. 
Figs 11, 12, 14, 15 

Holotype. g (ANIC), 3 miles E of Karalee, W.A., 22.ix.1952, McIntosh and 
Calaby. 
Paratypes. WESTERN AUSTRALIA: 2 9 (ANIC), same data as holotype; 1 9 
(SAM), 2 miles S of Maya, 3.xi.1968, N. McFarland; 1 ¢ (WAD), Trayning, 
3.x.1941, “ CFHJ”; 1 ¢ (WAD), Dowerin, no date, L. J. Newman; 1 4, 2 
(SAM), Booanya, x.1932, Miss Baesjow; 1 ¢ (ANIC), 13 miles ENE of Caiguna, 
14.x.1968, E. B. Britton, M. S. Upton and Balderson; 1 2 (ANIC), Pithara, 
29.x.1933, M. Fuller; 1 2 (ANIC), Pithara, 3.x.1933, M. Fuller; 1 2 (ANIC), 
13 miles E of Pingrup, 1.xi.1953, J. H. Calaby ; 1 9 (ANIC), Balladonia, 7.vili.1952, 
Calaby and McIntosh; 1 2 (ANIC), 10 miles W of York, 3.x.1952, Calaby and 
McIntosh ; 1 ¢ (ANIC), 5 miles SSE of Tardun, 16.x.1953, J. H. Calaby; 1 4d, 
1 2 (ANIC), 29 miles 8 of Mullewa, 12.ix.1952, McIntosh and Calaby ; 2 9 (ANIC), 
Newdegate, 19.x1.1958, EK. F. Riek. 


SOUTH AUSTRALIA: 3 6, 4 2 (SAM), 5 miles W of Nundroo, 28.x.1968, 
N. McFarland; 1 ¢, 1 2 (AM), Immarna, 20.x.1947, F. Calaby; 1 ¢ (SAM), 
Kimba, no date, E. Broomhead. 


OTHER MATERIAL EXAMINED. WESTERN AUSTRALIA: 1 2 (WAD), Westonia, 
no data. 1 9 (ANIC), 7 miles W of McDonalds, Mount Gibson area, 19.x.1955, 
J. H. Calaby. 


MALE. Head. Height 0-6-0-7 width; width of frons at level of antennae 
0-2 width of head. Length of proboscis and facial gibbosity about three fourths 
length of eye. Facial gibbosity white pollinose, mystax covering entire facial 
gibbosity ; ; white bristles medially, with some black elements alone outer margin 
dorsally and ventrally. Face white pollinose. Frons grey pollinose. Antennae 
(Fig. 14) black, about two thirds length of eye; segment 1 with black bristles 
on outer surface, ventrally much longer, some about twice as long as segment ; 
segment 2 with a few black hairs dorsally and ventrally ; segment 3 orange- 
brown basally, and with a row of pale hairs medially. Relative lengths of 
segments, 1-1-1-3: 1-0: 2-3-2-4; arista 1-8-1-9. Ocellar and fronto-orbital 
bristles black, moderately long. Palpi black with numerous black bristles 
and a few weaker white elements basally. 


Thorax. Mesonotum black, with grey pollinose medial and dorsocentral lines ; 
lateral slopes grey pollinose. Pleura grey pollinose. 2 strong and 1 weak 
prealar bristles; 2 or 3 postalars; 2 strong and up to 2 weaker infra-alars ; 
2 or 3 pairs of marginal scutellar bristles. Dorsocentrals present as distinct 
bristles on posterior slope of mesonotum, present anteriorly as weaker, shorter 
hairs. Metanotal callosity grey micropubescent. Halteres yellow-brown. 

Legs. Coxae grey pollinose, white haired; femora yellow, black on entire 
anterior surface, gradually widening to cover entire apical third. Fore and 
mid tibiae yellow, apical half black. Hind tibia with basal third yellow, remainder 


black. Tarsi black. Claws black, sometimes ree basally. Bristles on 
legs black, hairs white. 
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Wing. MHyaline, veins black. 

Abdomen. Grey pollinose. Tergite 1 basally white haired, posterior margin 
black haired except for lateral corner with up to 7 white bristles and numerous 
white hairs; tergites 2-7 with a broad black medial band becoming narrower 


13 


Figs 13-15. Fig. 13. Female reproductive system, A. fasciata. Figs 14, 15. A. lemniscata. 
Fig. 14. Antenna. Fig. 15. Female terminalia (setae and bristles omitted). 


posteriorly ; a sublateral black line is also present but does not extend to 
posterior margin of each tergite; lateral tergal bristles present up to fourth 
tergite, being only slightly stouter than other tergal hairs. Sternites grey 
poliinose, white haired. Highth segment black with a dull sheen. Terminalia 
(Figs 11, 12) black ; lower forceps with a group of black apical bristles. 
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FEMALE. Similar to male except as follows : 
Tergite 8 almost twice as long as tergite 7, black with a dull sheen. 
Terminalia (Fig. 15). 


DIMENSIONS. Body length, excluding antennae, ¢ 15-0-21-0mm, 92 14-5—- 
22-0mm; length of thorax, ¢ 4:5-6-0mm, 2 4:0-5:-9mm; length of wing, 
6 9-5-14-0 mm, 2 9-6-14-5 mm. 


Asiola atkinsi sp. nov. 
Figs 9, 10 

Holotype. 3 (AM), Blackdown Tableland, Expedition Range, Qld, 14.x.1972, 
A. Atkins. 

Paratypes. QUEENSLAND: 1 2 (GD), same data as holotype. 1 g, 1 9 (GD), 
same locality as holotype, 8 and 9.xi.1974, G. Daniels; 1 ¢ (UQ), Isla Gorge, 
via Theodore, 9-10.ix.1972, G. B. Monteith. 

Similar to A. fasciata, and differing from that species as follows : 


MALE. Head. Height 0-7 width; frons at level of antennae 0-2 head width. 
Relative lengths of antennal segments, 1:3-1-5: 1:0: 1-9-2:-0; arista 1:8. 
Segments 1 and 2 black haired ; segment 2 subapically with a group of short 
white hairs ventrally. Face and facial gibbosity whitish pollinose. 

Thorax. Mesonotum black, medial line greyish pollinose; dorsocentral line 
and lateral metanotal slopes yellow-grey pollinose. Pleura grey pollinose. 

Legs. Reddish orange. Coxae black, grey pollinose, white haired. Fore 
femur without black basal area. Mid femur with a black anterodorsal spot 
on apical third. Hind femur with a black anterior line at least on apical third, 
widening apically to cover entire apical surface. Tibiae black subapically. 
Tarsi and claws black. 
Abdomen. Yellow-grey pollinose, mostly yellow hairs and bristles on tergites 
1-7 ; mostly black on tergite 8. Terminalia (Figs 9, 10). 


FEMALE. Similar to male, differing as follows : 


Head. Width of frons at level of antennae 0-2 head width. 
Abdomen. Segment 8 shining black, black haired. 


DIMENSIONS. Body length, excluding antennae, ¢ 21-5-21-7mm, 2 20-5— 
21-2 mm, length of thorax, gj 5-8-6-0mm, 9 5-5-6:0 mm; length of wing, 
6 14:0mm, © 14:-6-15-0 mm. 


HABITAT. Dry sclerophyl forest and open heath. 


Asiola blasio (Walker) comb. nov. 
Figs 7, 8 ; 
Asilus blasio Walker, 1849: 441; Walker, 1855: 738; Kertesz, 1909: 252 ; 
Dakin and Fordham, 1922 : 520. | 
Neoaratus blasio, Hardy, 1935 : 186 (part). 


MATERIAL EXAMINED. WESTERN AUSTRALIA: 1 2 (WAD), Lancelin, 12.xi.1970, 
K. T. Richards; 2 specimens in poor condition, both with abdomens missing 
(NMV), Mundaring, no date, J. Clark; 2 g (ANIC), Glen Forest, 1.xii.1933, 
K. BR. Norris; 1 2 (ANIC), Darlington, 1.11918, anon.; 1 g, 1 2 (ANIC), 
Mundaring Weir, 26.x1i.1917, anon.; 2 2 (ANIC), Katanning, 2 and 12.xi.1961, 
K. RB. Norris. 


MALE. Head. Height 0-7 width; width of frons at level of antennae 0-2 
head width ; length of proboscis and facial gibbosity about three fourths length 
of eye. Facial gibbosity yellow pollinose; mystax white bristled medially, 
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with some black elements along outer margin. Face and frons yellow pollinose. 
Antennae black, apparently similar to lemniscata, but segment 3 missing. Ocellar 
and fronto-orbital bristles black. Palpi similar to lemniscata. 


Thorax. Mesonotum black, with a yellow pollinose submedial line and lateral 
margin. Scutellum grey pollinose. Pleura yellow pollinose with some paler 
ereyish areas. Metanotal callosity yellow pollinose; post-scutellar rim black 
with fine indistinct yellowish dusting. MHalteres brown basally, yellowish 
centrally and apically. 

Legs. Keddish orange. Coxae black, yellow-grey pollinose and yellow haired. 
Fore femur with apical margin black. Mid femur apically with anterior, dorsal 
and posterior third black. Hind femur with apical third black. Fore tibia 
with apical seventh black. Mid tibia with apical fourth black, also black sub- 
basally. Hind tibia with apical third black, also sub-basally. Tarsi and claws 
black. Pulvilli pale yellowish. Bristles on legs black, hairs a mixture of black 
and white. 


Abdomen. ‘'Tergites 1—7 yellow pollinose with medial and sublateral semi-glossy 
- black bands ; yellow haired except along medial line, where hairs are black ; 
lateral and apical corners with only slightly longer and stouter bristle-like hairs, 
except tergite 1 with 3-5 long, relatively stout bristles in lateral corners. 
Sternites 1-7 yellow pollinose, black laterally. Segment 8 black with a dull 
Sheen. Terminalia (Figs 7, 8), black. 


FEMALE. Similar to male and differing as follows : 


Head. Height 0-6-0-7 width; width of frons at level of antennae 0-3-0-4 
head width. Relative lengths of antennal segments, 1-3-1-5: 1:0: 1-8-2-1; 
arista 1-4—1-9. 

Abdomen. ‘Tergite 8, 1-5 as long as tergite 7; dull black with a yellow pollinose 
line on basal half. Tergal margins black. 


DIMENSIONS. Body length excluding antennae, ¢ 21-5-22-6mm, 2 14-0—- 
23-0mm; length of thorax, ¢ 6-:0-6-:2 mm, 2 3-6-6-5mm; length of wing, 
¢ 12-5-13-0 mm, 2 9-0-15-0 mm. 
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Synopsis 
A pinnate leaf with reticulate venation, Dunedoonia reticulata gen. et sp. nov. is described 
from the Permian Dunedoo Formation of New South Wales. No structural details are preserved. 
In megascopie form this leaf closely resembles some species of the Mesozoic Bennettitalean genus 
Dictyozamites and also some species of Linopteris from the northern Carboniferous flora. 


INTRODUCTION 


Many palaeobotanists have remarked on the paucity of genera in the Permian 
floras of Gondwanaland. At most fossil localities the majority of plant remains 
are Glossopteris and Gangamopteris leaves. Species of other genera, with the 
exception of Phyllotheca, occur rarely and in very small numbers. Dana (1849) 
remarked that Glossopteris formed perhaps 99%, of all fossil leaves found in 
the Newcastle and [lawarra coalfields of New South Wales. Pant and Singh 
(1974, p. 29) noted that the small number of genera was counterbalanced by 
the large number of species of Glossopteris and Gangamopteris. Approximately 
114 species of Glossopteris and 33 species of Gangamopteris have now been described. 
Many of these are based on the characters of the cell structure in leaf cuticles. 


Under warming conditions plant communities become undersaturated. 
This leads to diversification and ecological expansion and also to the emergence 
of evolutionary novelties (Krassilov, 1974, p. 175). Glossopteris and 
Gangamopteris appear to have had sufficient genetic plasticity to have rapidly 
evolved a multiplicity of adaptions to fill many ecological niches in the amelio- 
rating climate following the Permo-Carboniferous glaciation across Gondwanaland. 
However, the majority of Permian fossil plant localities are associated with coal 
deposits and thus may represent a limited range of environments. The large 
number of described fossil pollen grains, seeds and fragments of cuticles indicates 
a presence, probably in upland areas, of many other plants which did not grow 
in the coat-forming environments. 

The leaf described below, while incomplete and lacking structural details; 
is considered important as it adds further diversity to the known Permain flora 
of Gondwanaland. 


GEOLOGICAL HORIZON 

The specimen came from a quarry, now closed, on the property of Mr Mervyn 
Nott located 10 km WSW of the township of Dunedoo and 4km ESE of the 
village of Cobborah. 

The geology of the area has been studied by Kemp (1973). The sequence 
from Permian through to Early Jurassic in the area is mostly horizontal and 
rests uncomformably on the ? Silurian-Devonian Tucklan Beds (Offenberg, 
1968). The sediments were deposited on the north-western edge of the Sydney 


* “ Noonee-Nyrang ”’, Gulgong Road, Wellington, New South Wales, 2820. 
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Basin on a structural high which separated the Sydney Basin from the Great 
Artesian Basin. The basal Dunedoo Formation (Higgins and Loughnan, 1973) 
of Permian age has a maximum thickness of 30 m but the average is much less. 
The Nott quarry is situated at the top of the Dunedoo Formation. The rock 
types in the quarry are white to cream coloured laminated claystones and 
porecellanites. The plant fossils, which are mostly Glossopteris leaves, are 
exquisitely preserved as impressions of yellow, red or brown limonite on the 
pale coloured matrix. 


The abundance of kaolinite, a mineral that is generally characteristic of 
the humid tropics and sub-tropics, in the basal beds tends to suggest that develop- 
ment of the formation was accompanied by warm humid conditions (Higgins 
and Loughnan, 1973, p. 35). 


The overlying Early Triassic Boulderwood Conglomerate (Higgins and 
Loughnan, 1973) is exposed at the top of the quarry. Kemp (1973) broadly 
dated the Dunedoo Formation as Permian. The Dubbo Geological Sheet of 
the Geological Survey of N.S.W. shows the area as ‘‘ undifferentiated Permian ”’. 
The forms of Glossopteris, Vertebraria, Neomariopteris (=Sphenopteris in part) 
and Phyllotheca found in the Dunedoo Formation are similar to those from the 
Illawarra and Newcastle Coal Measures which are Late Permian in age. 


EXPLANATION OF PLATE 


COMBINED DIAGNOSIS. Leaf pinnate, ovate; rachis longitudinally wrinkled 
and pitted. Leaflets opposite or sub-opposite, entire ; base truncate or slightly 
auriculate ; attached by middle portion of base to upper edge of rachis. 
Venation reticulate, with no midrib. 


DESCRIPTION. Leaf pinnate, ovate. Length preserved 10cm. Tapering 
upwards from 8cm in width at the broken base to 5cm at the broken top. 
Rachis 38 mm in width at the lower end and gradually tapering upwards ; surface 
longitudinally wrinkled and marked with irregular sized pits and tubercles. 
It is not known if this feature is original or a result of preservation. 

Leaflets opposite or sub-opposite ; almost at right angles to the rachis ; 
oblong-ovate, obtuse, entire; base truncate or slightly auriculate, the upper 
angle of the base less lobed than the lower angle. Leaflets abruptly constricted 
at the base and attached by the middle part only of the lamina to the upper 
edge of the rachis. Each leaflet overlaps slightly the leaflet below. Length 
of leaflets 3-5 cm—2-5 em; breadth 1-8-1 cm, decreasing in size up the rachis. 
Several veins arise from the attached part of the base and radiate and anastomose 
into the lobes and through the lamina forming polygonal meshes in the lobes 
and near the margins and elongated parallel meshes elsewhere. There is no 
midrib. Number of veins measured at right angles across mid-portion of lamina 
approximately 18 per cm. 


HOLOTYPE. The pinnate leaf on Specimen No. F56472, The Australian Museum 
Fossil Collection, Sydney, N.S.W. 


Also on this specimen are small leaves comparable with Glossopteris 
angustifolia Bronegn., G. browniana Brongn., G. communis Feist. and Neomariopteris 
lobifolia (Morris) Maithy. 


TYPE LOCALITY. M. Nott’s Quarry, ‘‘ Oakfield’, Dubbo Road, Cobborah, 
N.S.W. 


HORIZON. J)unedoo Formation. Permian, probably Late Permian. 


COMPARISONS. Several genera of Late Palaeozoic and Mesozoic plants are 
known which have pinnately compound leaves and reticulate venation. 
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Lonchopteris Brongn., a pteridosperm genus from the Carboniferous of 
Europe and North America, and Weichselia Steihler, a possible fern genus from 
the Jurassic of Europe, North America, Russia and Japan, are tripinnate and 
bipinnate respectively: They both have reticulate venation but the pinnules 
are attached by the whole of their base to the pinna rachis. Hmplectopteris 
Halle from the Palaeozoic of China resembles Lonchopteris Brongn. but lacks 
the well defined midrib that the latter possesses. 

Linopteris Presl. is a tripinnate pteridosperm genus from the middle to 
Late Carboniferous of Europe and North America which resembles Neuwropteris 
Brongn. except for having reticulate venation. The presence of a midrib 
appears to be a variable feature within species. The shape of the pinnules 
and the method of attachment to the pinna rachis in some forms of Linopteris 
obliqua Bunbury and L. newropteroides Geinitz (Crookall, 1959, Figs 71 and 72) 
are similar to Dunedoonia reticulatu. They differ in the form of their venation 
and the alternate attachment of the pinnules. Other species bearing a similar 
resemblance are feticulopteris munsterr (Hichwald) Gothan and Newropteris 
semireticulata Josten from the Late Westphalian of Germany (Josten, 1962, 
Fig. 4a-d). 

Bunbury (1861, p. 33, plate X, Fig. 3,) described as ‘‘ Felicites (qu Glossopteris 
sp.?)”’ a fragment of a pinnate frond from the Permian beds of Nagpur, India. 
Each oblong or lanceolate jeaflet was attached by the whole of its base to the 
rachis. The venation consisted of a midrib and secondary veins which were 
dichotomous and possibly reticulate. This leaf differs from Dunedoonia 
reticulata in the shape and attachment of its leaflets and in having a midrib. 

Pant and Singh (1974, Fig. 1F) show a specimen of Gangamopteris ct. 
cyclopteroides var. cordifolia Feist. with an apparent opposite attachment of 
leaves on an axis. Individual leaflets of Dunedoonia reticulata are unlike any 
known species of Gangamopteris. 

Cycadopteris scolopendrina Ratte from the Late Triassic Ashfield Shale 
of the Sydney Basin is a pinnate leaf similar only in outline to Dunedoonia 
reticulata. Specimens in the Australian Museum which were described by 
Ratte (1887) and Etheridge (1889) are coalified compressions in which some 
cell structure is preserved. The mode of attachment of the pinnules to the 
broad striated pinna rachis cannot be determined. Venation in the pinnules 
consists of indistinct secondary veins leaving a median groove at an angle of 
approximately 45°. 

Species of Botrychiopsis Kurtz (=Gondwanidium Gothan) occur in the 
earliest Permian floras of Gondwanaland. These are pinnate leaves but have 
irregular shaped leaflets with dichotomous venation. 


The megascopic diagnosis of the genus Dictyozamites Oldham by Harris 

(1969, p. 87) is “* Leaf simply pinnate ; pinnae attached near the upper margin 
of the rachis; base of lamina contracted and usually asymmetric. Veins 
diverging from point of attachment, forking and anastomosing frequently ’’. 
Anatomical details of this Bennettitalean genus are known from petrifications 
(Bose and Kasat, 1972) and compressions (Menendez, 1966 ; Gupta and Sharma, 
1968; and Harris, 1969). Species of Dictyozamites have been described from 
India, Northern Europe, Japan, Korea, Tierra del Fuego and Santa Cruz 
Province of Argentina. The size, shape and venation is variable. In most 
species the pinnae are alternate on the pinna rachis but Gupta and Sharma 
(1968, pp. 25-26) note some specimens resembling D. falcatus Oldham with 
opposite attachment. 
Had the present leaf been found in Mesozoic strata it would, without 
hesitation, have been placed in Dictyozamites. However, because of the great 
difference in age and the lack of information on its structure I have placed it 
in a new genus. 
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DISCUSSION 


‘* Mixed floras”? in which genera of the Euramerian or Laurasian flora 
are associated with otherwise typical Glossopteris floras are recorded from South 
America and South Africa (Chaloner and Lacey, 1973). During Late Palaeozoic 
time Gondwanaland moved as a unit across the south rotational pole as indicated 
by glaciation (Crowell and Frakes, 1975) and by polar wandering data from 
palaeomagnetic studies (McElhinny, 1973). Glaciation commenced during 
the Carboniferous in South America and then-adjoining South Africa, and 
migrated to India, Antarctica and Australia in the early Permian. Amelioration 
of the climate in South America and South Africa apparently occurred early 
enough to allow some migration of the northern Carboniferous flora southwards 
to these areas. In India, Antarctica and Australia where the glaciation persisted 
into the Permian no plants of close relationship to the northern flora have been 
recorded. Plants previously ascribed to the northern genera Sphenopteris, 
Annularia, Sphenophyllum and Cordaites are now believed to be generically 
distinct and have been placed in the genera Neomariopteris Maithy, Lelstotheca 
Maheshwari (=Stellotheca Surange and Prakash), Trizygia Royle and 
Noeggerathiopsis Feist. respectively. Similarities may be due to parallel evolution 
or development from very remote ancestors. A relationship of Dunedoonia 
reticulata to the neuropterid genera Linopteris and Reticulopteris is unlikely. 
In gross form D. reticulata is closest to Dictyozamites which occurred much later 
in geological time. 

The origin of the Cycadophyta is obscure. The presence of many Cycadales 
and Bennettitales in the Triassic of Australia (Gould, 1976) and other parts 
of Gondwanaland lends support to Plumstead’s suggestion that both these 
groups of plants had their origin in the Glossopteris flora (Plumstead, 1973, p. 200). 


The discovery of structurally preserved specimens of Dunedoonia reticulata 
would show whether this plant was an early cycad or an evolutionary novelty. 
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(Plate IT) 
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Synopsis 
Protosteliwmm mycophaga var. major Olive is recorded from near Brisbane in Queensland, 
where it was isolated ingesting Sporobolomyces sp. recovered from healthy leaves of Solanum 
nudiflorum in January 1976. This is the second world record for this protostelid, the first being 
from Connecticut in the U.S.A. in 1962. Previous Australian records of protostelids are listed. 


During January 1976 members of the Sporobolomycetaceae were recovered 
from healthy leaves and flowers of horticultural, pasture, tree and weed species 
at Indooroopilly near Brisbane, using the spore-fall method of Derx (1930). 

In cultures of Sporobolomyces sp., recovered from leaves of Solanwm nudiflorum 
Jacq., Protostelium mycophaga Olive and Stoianovitech var. major Olive (1962) 
was found ingesting the false yeast on a plate of potato dextrose agar (PDA). 


The genus Protostelium is classified by Olive (1975) in the subclass Protostelia 
of the Eumycetozoa in the Protista. It is distinguished by its minute single- 
spored fruiting bodies, non-aggregation of the amoebae before sporulation, 
production of sporocarps directly on the substrate, absence of flagellate cells, 
spores typically deciduous, subspore apophysis present but reduced, and with 
the trophic stage composed of typically uninucleate but sometimes plurinucleate 
amoeboid protoplasts. 


P. mycophaga var. mycophaga Olive and Stoianovitch (1960) is the most 
common species of the genus, occurring throughout the world on dead attached 
plant parts. The trophic stage ingests such foods as yeasts, fungal spores and 
bacteria. It has globose to sub-globose spores, orange pigmented protoplasts, 
and its spores rarely exceed 14 um in diameter. 


P. mycophaga var. major Olive (1962) was previously known only from a 
single collection from Connecticut in the U.S.A. Its stalks reach 100 um in 
length, and it is distinguished primarily by its relatively large spores, 
10-5-18-:8 um in diameter, averaging 12-5 um (Olive and Stoianovitch, 1969). 
The type collection was maintained on Rhodotorula mucilaginosa. 


Sporocarps of the Queensland isolate appear abundantly on PDA after 
being cultured with the Sporobolomyces for four to five days. Only single spores 
develop on the sporocarp stalks, but two or more spores may be found together 
on the agar surface after shedding (Pl. II). As previously noted by Olive 
(1962), sometimes the single spores coalesce during development, forming heads 
of few to many spores, but with the same number of stalks below. The spores 
range in size from 13-20 um, and the stalks from 84-126 um in length. 

The fact that this large-spored variety has now been found in Australia 
as well as in North America may indicate that it has a wide distribution, although 
it may be less common than var. crassipes (with enlarged stalk bases) (Olive and 


* Department of Primary Industry, P.O. Box 2417, Konedobu, Papua, New Guinea. 
+ Department of Botany, University of North Carolina, Chapel Hill, N.C. 27514, U.S.A. 
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on patoto dextrose agar. 


PLATE U1 
Protostelium mycophaga var. major Olive, unstained living culture (on Sporobolomyces sp.) 


Single deciduous spores, some confluent, and some sporocarp stalks. 
x 400. 


a 


panne 
Sy i 


‘ 
i 


DOROTHY E. SHAW AND LINDSAY 8S. OLIVE 59 


Stoianovitch, 1969), known only from the U.S.A. or the world wide var. 
mycophaga. 

Previous records of protostelids from Australia, isolated by Olive and 
Stoianovitch from collections made in November 1963 by Olive, and one 
collection of an acrasid cellular sime mould made in August 1967 also by Olive 
are as follows : 


1963 Protosteium mycophaga Olive and Stoianovitch (1960) 
On dead flowers and old fleshy fruits, Sydney ; 
old pods on pea vine, Darwin. 
Cavosteliwm apophysatum Olive (1964) 
On old fleshy fruits, Sydney. 
Schizoplasmodium cavostelioides Olive and Stoianovitch (1966) 
On old fleshy fruits, Sydney. 


1967 Acrasis rosea Olive and Stoianovitch (1960) 
On leguminous pods (attached to the plant), Canberra. 


Other members of these and related groups are probably more widespread 
and of greater abundance in Australia than is indicated by these few records. 
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INTRODUCTION 

This paper deals with material of the family Epipsocidae in collections 
made during studies of the zoogeography of the Melanesian ares. 

Twenty two species of Epipsocidae have been recorded from the Melanesian 
ares and adjacent Regions. Nine of these are placed in Hpipsocus Hagen, 
namely: Hpipsocus viiv (Enderlein), EL. pinnatus (Enderlein) and H. longiceps 
Enderlein from Java ; H#. nubilipennis Karny and EL. dubius Karny from Sarawak ; 
E. prominens Banks and H. imornatus Banks from the Philippines; H. murcus 
Enderlein from Singapore ; and H#. marginatus Enderlein from New Guinea. 

Thirteen species are placed in Hpipsocopsis Badonnel, namely: UH. 
thailandensis New from Thailand ; H. mouldst Smithers from north Queensland, 
Australia, EH. apicalis New and Thornton, H. basalis New and Thornton, F. 
maclurei New and Thornton, H. maculata New and Thornton, H. selena New 
and Thornton, H. setosa New and Thornton (all from the Malay Peninsula) ; 
HE. murphyt New and Thornton, H. singaporense New and Thornton, L. sclerota 
New and Thornton and #H. hyalinus (Banks) (all from Singapore); and H#H. 
fumipennis (Banks) from the Philippines. 

Epipsocopsis was erected to accommodate those species of HEpipsocidae 
in which the female gonapophyses are reduced to a single valve (the external 
valve) and the apex of the lacinia lacks apical teeth in contrast to Hpipsocus 
in which the ventral valve of the gonapophyses is present and the lacinial tip 
is divided into a series of small teeth. Most species of Epipsocopsis have some 
wing pattern which consists of, or can be derived from, a pattern involving 
antenodal, nodal, discal or apical bands (sens. Gunther, 1974). Some of the 
species of Hpipsocus listed above have similar patterns e.g. H. marginatus, H. 
dubius and EH. nubilipennis. It is possible that such species should be placed 
in Hpipsocopsis but without a re-examination of the types a decision cannot 
be made as details of genitalia and mouthparts are not known. 

Material of eight species is dealt with here of which four are new species 
of Hpipsocopsis and three belong to a new genus, Dicropsocus ; the eighth is 
Epipsocopsis mouldst. In the Melanesian ares Epipsocidae have been found only 
in New Guinea, Bismarcks, Bougainville and the Solomons ; they have not been 
taken elsewhere. 

Jn the descriptions which follow the IO/D ratio given is that of Badonnel 
(Ball, 1943). The facial patterns of species of Hpipsocopsis and Dicropsocus 
are distinctive and have been illustrated in most cases. The fine apex of the 
lacinia, in those species in which it is extended into a filament, is liable to some 
distortion in preparation and although presence, absence, and relative length 
of the filament is significant, its precise form is of more limited value in species 
identification. Unless otherwise stated material was collected by the authors 
(C.N.S. and I.W.B.T.). 


* The Australian Museum, 6—8 College Street, Sydney, New South Wales, 2000. 
+ La Trobe University, Melbourne, Victoria, 3083. 
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KEY TO GENERA OF EPIPSOCIDAE 


1. Hind wing with M 5-branched .. ne wb froja Navas 
“(known from Costa Rica) 

Hind wing with M not branched 23 i ue 2 

2. Fore wing with R and M 3-branched .. ts 3 
Fore wing with BR and M more than 3- branched ..  Dicropsocus gen. nov, 

3. Lacinia with several apical teeth ie 4 


Lacinia without several teeth, often extended into 
terminal point or filament (2 gonapophyses reduced 


to external valve) oe : ape .. Hpipsocopsis Badonnel 
4. 9 gonapophyses with at least a fermen of ventral 
valve, setae of external valve generally distributed . Epipsocus Hagen 


Q gonapophyses without any vestige of ventral valve. : 

setae of external valve grouped on a raised area (¢ 

unknown) .. ae i te be 7 .. Mesepipsocus Badonnel 
(known from Brazil) 


DESCRIPTIONS OF EPIPSOCIDAE 
EPIPSOCOPSIS Badonnel 
Epipsocopsis mouldst Smithers 
Epipsocopsis mouldsi Smithers 1976. Aust. Hntomol. Mag.. 3(2) : 32, Figs 1-5. 


MATERIAL EXAMINED. NEW GUINEA: 1 9, Botanic Gardens, Lae, 2.ix.1970 
(C.N.S. and I.W.B.T.). Epipsocopsis mouldsi is known also from Lockerbie, 
Cape York Peninsula, Queensland. The characteristic facial pattern is shown 
in Fig. 1. 

EHpipsocopsis punctata sp. n. 
MALE. Ooloration (in alcohol). An almost uniformly pale tetaceous species 
with a slightly darker band two thirds of the way along the tibia and a paler 
postelypeus. Fore wing (Fig. 4) and hind wing (Fig. 5) hyaline with pale veins 
and with a very faint suggestion of darkening at ends of veins. Eyes black. 
Antennae pale. 
Morphology. ULength of body: 2-0mm. Median epicranial suture distinct ; 
eroove on vertex slight. Length of first flagellar segment: f,: 1-28 mm. 
Antennae fine, first flagellar segment slightly curved. Eyes large and protruding, 
reaching level of vertex. IO/D: 1-0; PO: 0-9. Ocelli small. Lacinia (Fig. 
3). Hind femur with a row of nineteen setae with basal cones and two setae 
with enlarged alveoli. Measurements of hind leg: F: 0-834mm; T: 1-4mm; 
iO thar: t,: 0-15 mms rt: 4-7: 13 eb: 346. Pore wins lencth': 
3°-3mm; width: 1:0mm. Venation (Fig. 4). Hind wing length: 1-9mm; 
width: 0:55mm. Venation (Fig. 5). Epiproct simple, lightly sclerotized, 
setose, with a few larger setae in basal quarter. Paraprocts with large, ovoid 
trichobothrial field, the individual trichobothria separate from one another. 
Hypandrium lightly sclerotized, setose, the marginal setae in two curved rows 
giving the impression of incipient lobing of the plate. Phallosome (Fig. 2). 


FEMALE. Unknown. 


MATERIAL EXAMINED. NEW GUINEA. 2 @ (including holotype), Maprik, 
22.i11.1964 (D. H. Colless). 

Holotype in the Australian National Insect Collection; paratype in the 
Australian Museum. 


DISCUSSION. EHpipsocopsis punctata differs from all other species except #. 
sclerota and EH. setosa, in having no wing pigment other than the spots at the 
ends of the veins and at the nodulus. In #H. sclerota the branches of Rs are 
not as sinuous as HL. punctata and the apex of the lacinia is of different form. 
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Fig. 1. EHpipsocopsis mouldsi, head. 
Figs 2-5. Epipsocopsis punctata sp.n. 2. phallosome. 3. lacinia. 4. fore wing. 5. hind wing. 
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In H. setosa the areola postica is much flatter than in H#. punctata and the form 
of the lacinial tip differs. 


Epipsocopsis fasciata sp. n. 

FEMALE. Coloration (in alcohol). Head (Fig. 9) pale, marked in various shades 
of brown. Vertex pale. Gena brown in anterior half, pale in posterior half, 
with a very dark brown mark between lower margin of eye and antennal base, 
and another larger mark at lower end of gena. Scape and pedicel dark brown ; 
flagellum pale. Eyes black. Ocellar tubercle dark. Maxillary palp pale. 
Prothorax pale with a narrow, lateral, brown stripe which joins a similar broader 
Stripe on the meso- and metathorax. Mesonotum pale, the anterior parts of 
the lateral lobes and the parapsidal sutures anteriorly dark brown. Prothoracic 
legs pale; tibia with a pale brown band in basal quarter and a dark brown 
band about half way along tibia; tarsus pale, basal half of first segment pale 
brown. Fore wing (Fig. 6) hyaline with markings in shades of brown. Veins 
brown. Hind wing (Fig. 7) hyaline with brown markings and brown veins. 
Morphology. length of body: 2-6mm. Median epicranial suture fine. Setae 
on vertex (not shown in figure) pale and fairly long ; those on postclypeus finer 
and shorter. Length of first flagellar segment: f,: 0-88mm. Setae on 
flagellum arising from large alveoli. Eyes fairly large, almost reaching level 
of vertex. TO/D: 1:2; PO: 0-7. Apex of lacinia (Fig. 10). Fore wing 
length: 2-9mm; width: 1-1mm. Fore wing (Fig. 6) damaged in preparation. 
Hind wing length: 2-0mm,; width: 0:-65mm. Epiproct simple. Paraproct 
with a large area from which trichobothria arise, the field poorly defined at 
edge although the area is delimited by cuticular reticulation between the 
trichobothria. Subgenital plate simple, setose. Gonapophyses (Fig. 8) reduced 
to single setose, acuminate, external valve. All structures at abdominal apex 
are lightly sclerotized. 


MALE. Unknown. 


MATERIAL EXAMINED. NEW GUINEA: 1 @ (holotype), Haviland Lookout, 
Kassem Pass, 23.vili.1970 (C.N.S. and I.W.B.T.); 1 2 (paratype), Lae, 2.ix.1970 
(C.N.S. and I.W.B.T.). 

Holotype and paratype in the Australian Museum. 


DISCUSSION. Hpipsocopsis fasciata differs from EH. fumipennis, HE. apicalis, 
L. selena, EH. macluret, E. singaporense and E. thailandensis in not having a discal 
pigmented band nor remnant thereof. It differs from H. hyalinus, H. maculata, 
HE. murphyi, EH. basalis, HE. sclerota, H. setosa and EH. punctata sp. n. in having 
an apical band from the areola postica to the wing apex. From H. macrostigma 
sp. n. and H. nebulifera sp. n. it differs in that there is no pigment in cell M, in 
either of those species. From H. mouldsi it differs in lacking a nodal band of 
colour. 
Epipsocopsis nebulifera sp. 0. 

FEMALE. Coloration (in alcohol). A very pale, creamy white species, with 
a few small, dark brown to black markings. Head marked as in Figure 14. 
Byes black. Gena pale but base of maxilla and labium dark laterally. Prothorax 
with a lateral mark and one on each side dorsally. Pedicel dark laterally ; 
first flagellar segment very pale, distal segments very faintly tinged with a little 
darker colour. Mesothorax with white antedorsum, dorsal lobes pale creamy 
white ; axillary cords pale brown. Abdomen pale creamy white with scattered, 
segmentally arranged, irregular dark spots. Fore wing (Fig. 11) and hind 
wing (Fig. 12) hyaline marked very faintly with pale brown. 


Morphology. Length of body: 3.0mm. Median epicranial suture present 
but indistinct, the groove in which it lies only slightly developed. Length of 
first flagellar segment: f,: 1-92mm. Antennae fine. LHyes fairly large, almost 
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Figs 6-10. Epipsocopsis fasciata sp. n. 6. fore wing. 7. hind wing. 8. gonapophyses. 
9. head. 10. lacinia. 
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reaching level of vertex. IO/D: 1-27; PO: 0-82. Ocelli small. Lacinia 
(Fig. 15). Legs long and slender, femora relatively longer than usual. Measure- 
ments of hind leg: F: 1:-44mm; T: 2:2mm; t,: 1-04mm; t,: 0-2mm; 
rt:5:1:1. Fore wing length: 4:0mm; width: 1:35mm. Venation (Fig. 11). 
Hind wing length: 2-7 mm; width: 0:75mm. Venation (Fig. 12). Epiproct 
simple, in distal third densely setose ; basal two-thirds with a few long setae. 
Paraproct with ovoid trichobothrial field. Subgenital plate simple, setose, 
the margin in the middle truncate. Gonapophyses (Fig. 13). 


MALE. Unknown. 


MATERIAL EXAMINED. SOLOMON ISLANDS: 1 @ (holotype), near Honiara, 
Guadaleanal, 8.1x.1975 (I.W.B.T.); 1 @ (paratype), Mt. Austen, 400m, 
Guadalcanal, 14.ix.1975 (C.N.S. and I.W.B.T.). 


BOUGAINVILLE: 1 nymph, S. side of saddle, W. Mt. Negrohead, above Panguna, 
900 m, 10.ix.1975 (C.N.S. and I.W.B.T.). 
Holotype, paratype and nymph in the Australian Museum. 


DISCUSSION. The nymph from Bougainville is placed with the adults from 
Guadalcanal as the colour pattern of head and body is almost identical in all 
three specimens. Hpipsocopsis nebulifera differs from EH. fumipennis, EH. apicalis, 
LB. selena, EB. maclurei, 2. singaporense and H. thailandensis in not having a discal 
pigmented band nor a remnant thereof. It differs from HL. murphyi, HE. basalis, 
EH. sclerota, HE. setosa and H. punctata sp. n. in having the remnant of an apical 
band which includes some pigmented areas in cells R;, M and M,. From 2£. 
fasciata it differs in lacking pigment in cell M; and from H. macrostiqgma in having 
a pigmented area in cells M, and M,. From LH. mouldsi it differs in lacking a 
nodal band remnant. 


Hpipsocopsis macrostigma sp. n. 

FEMALE. Coloration (in alcohol). A pale creamy yellow species with a few 
brown and dark brown markings. Head pale with pattern in shades of brown 
(Fig. 18). Gena pale, as postclypeus. Antennae pale except for the internal 
and external faces of the scape and pedicel which are very dark brown. Eyes 
black. Ocelli with centripetal black marks. Maxillary palp pale. Antedorsum 
of mesothorax pale with a brownish mark on either side of midline on anterior 
face ; dorsal lobes pale brown. Lateral parts of posterior margin of scutellum 
dark brown. Metathorax with dorsal lobes pale brown and similar dark 
marks at postero-lateral edge of scutellum. Irregular brown marks form 
a lateral line from maxilla across to the pleura below fore wings; a second, 
similar lateral line runs across mesocoxae and metacoxae ; markings on pleura 
of metathorax and sides of abdomen near base form a third line. Abdomen 
pale except for dark posterior markings to epiproct and paraprocts. Legs pale 
except for a narrow brown band two thirds of way along tibia and at basal 
fifth of first tarsal segment. Fore wing (Fig. 16) hyaline except for slight brown 
marks at ends of veins and a small pale brown area near wing tip, mainly between 
R,,,; and M, with a small extension into cell M,. 


Morphology. Length of body: 3:0mm. Median epicranial suture distinct. 
Head with scattered setae. Length of first flagellar segment: f,: 1:56 mm. 
First flagellar segment slightly curved ; setae with strongly developed alveoli. 
Eyes large. IO/D: 1:16; PO: 0-83. Ocelli small, anterior ocellus very 
small. Lacinia (Fig. 20) with extremely pointed apex. Fore legs with tibia 
slightly narrowed in middle section. Measurements of hind leg: F: 1-32 mm; 
i? 16mm; t, +1 -12: mm; 6: 0-20 mms ri> di-6 + 1; et: 44,5. Ctenidia 
of second tarsal segment much reduced. Fore wing length: 4-2mm; width: 
1-5mm. Venation (Fig. 16). Hind wing of holotype damaged, without faint 
mark near margin between M and Cu,; spots at ends of veins very pale. 
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Figs 11-15. Epipsocopsis nebulifera sp. n. 11. fore wing. 12. hind wing. 13. gonapophyses. 
14. head. 15. lacinia. 
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Epiproct simple, rhombcidal, with three large setae in transverse row near 
base. In distal half large and small setae are interspersed. Paraprocts with 
ovoid trichobothrial field with well developed trichobothria but with one weakly 
developed central trichobothrium. Subgenital plate simple with small, evenly 
scattered setae; central area less heavily sclerotized (Fig. 19). Gonapophyses 
reduced to external valve (Fig. 17) with basally well sclerotized margin, otherwise 
evenly sclerotized. 

MALE. Unknown. 


MATERIAL EXAMINED. NEW GUINEA: 1 
Wau, 1500 m, 7.ix.1970 (C.N.S. and I.W.B. 
Holotype in the Australian Museum. 


2 (holotype), Mount Missim, near 
a 


) 


DISCUSSION. Hpipsocopsis macrostigma differs from all other species in having 
the wing pigment, other than spots at the ends of the veins, restricted to a small 
nodal spot and a small patch at the wing apex in cell R;. 


KEY TO SPECIES OF Hpipsocopsis FROM THE MELANESIAN ARC 
1. Head pale, without markings aS as snd Ke ius punctata 


Head with markings 2 

2. (1) Fore wing with clear ly deaned dolonn awd running par raillel © 
margin from apex to Cuia i 3 

Fore wing with membrane pattern restricted. to near wing 
apex and ends of veins .. Ms oe me ae oi 4 
3. (2) Postelypeus medially pale a ie by er Bis mouldst 
Postelypeus medially pigmented oe : Aa fasciata 

4, (2) Vertex with patch on either side of median opienantel suture 
as well as darker marks mesad of eyes (Fig. 18) oe .. macrostigma 


Vertex without such patches ; darker marks present (Fig. 14)  nebulifera 


DICROPSOCUS gen. nov. 


Belonging to the Epipsocidae. Distinguished from other genera of the 
family in having at least three branches to Rs and at least four branches to 
M in the fore wing, with or without additional crossveins. Rs 2-branched 
and M not branched in the hind wings. 


Type species: Dicropsocus montanus sp.n. 


In Dicropsocus the lacinial tip is of the same form as in Epipsocopsis, i.e. without 
apical teeth ; the female gonapophyses are alse as in that genus, being reduced 
to an acuminate, setose, external valve. In the male the external parameres 
are broad and fleshy and the aedeagus is flatly arched and flattened and broadened 
apically whereas in outer genera it is narrow or more strongly arched even to 
the extent of being beak-like (phallosome of Goja not known). Dicropsocus 
differs from Epipsocus in not having the apex of the lacinia toothed and in lacking 
the ventral valve remnant of the female gonapophyses. In Mesepipsocus the 
lacinia is toothed and the female gonapophyses are reduced to a single external 
valve on which the setae are restricted to a raised lobe. In Goja M is 5-branched 
in the hind wing. Dicropsocus is closely related to Epipsocopsis and appears 
to be an offshoot of this genus which has developed in New Guinea and New 
Britain. 
Dicropsocus montanus sp. n. 

MALE. Coloration (in alcohol). Head pale brown with markings as in Figure 24. 
Genae pale brown, darker near anterior margin. Scape and pedicel dark brown, 
remainder of antennae pale brown. Eyes black. Ocellar tubercle black. 
Maxillary palp pale. Antedorsum of mesothorax brown with a fine median 
pale line, the two brown parts forming a pair of lines continuous with the marks 
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Figs 16-20. Epipsocopsis macrostigma sp. n. 16. fore wing. 17. gonapophyses. 18. head. 
19. subgenital plate. 20. lacinia. 
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of the epicranial plates: parapsidal sutures dark ; dorsal lobes pale with darker 
antero-lateral edging. Metathoracic notum similarly marked but much darker. 
Thoracic pleura marked irregularly in dark brown. Legs pale with a dark 
mark across base of coxae; femora with a faint dark mark near distal end ; 
tibiae with two dark bands; first tarsal segment basally darker than distally ; 
second segment pale. Abdomen pale, strongly marked in irregular patches 
of dark brown, especially dorsally. Fore wings (Fig. 21) hyaline marked with 
pale brown ; hind wings (Fig. 22) hyaline with brown marks at apices of veins. 
Morphology. Length of body: 3:0mm. Epicranial suture very distinct but 
groove between epicranial plates shallow. Vertex with unusually strong, 
erect setae. Labrum (Fig. 26) setose (setae not indicated in Figure). Length 
of first flagellar segment: f,: 1-52 mm. Antennae fine with long setae. Eyes 
large, strongly protruding but just reaching level of vertex ; seen from above 
the inner margins diverge a little posteriorly. JO/D: 1:1; PO: 0:84. Three 
ocelli present, anterior ocellus a little smaller than lateral ocelli. Lacinia 
(Fig. 23). Fourth segment of maxillary palp long, tapering to a bluntly rounded 
apex. Femora withour basal cones to setae although the alveoli are sometimes 
large and conspicuous. Measurements of hind leg: F:1-6mm; T: 2:4mm; 
t,:1-2mm; t,: 0:-24mm; rt: 5:1; ct: 46,7. Tarsal claws with preapical 
tooth. Fore wing length: 5-2mm; width: 1-8mm. Fore wing (Fig. 21) 
with some irregular anastomoses of veins. Hind wing (Fig. 22) with stem of 
Rs long. Epiproct simple rounded behind; three setae near base; more 
generally setose in posterior part. Near hind margin setae are absent but there 
is a broad, median, densely spiculate area. Paraproct with a very well developed 
trichobothrial field, broadly spindle-shaped ; posterior margin of paraproct with 
a strongly chitinized bar from which arises a row of strong setae of which two 
have an apical knob. Hypandrium (Fig. 27) lightly sclerotized except for a 
posterior band interrupted in the midline ; the band bears some setae which are 
longer than on other areas of the hypandrium. Some setae on hypandrium have 
basal cones. Phallosome (Fig. 25) with a sinuous, apically flattened aedeagus ; 
external parameres fleshy and broad; some irregular selerotization of penial 
bulb present. 


FEMALE. Ooloration (in alcohol). As in male but overall a little paler. 


Morphology. Length of body: 2-5mm. Length of first flagellar segment : 
f,: 1-12 mm. Eyes fairly small but reaching level of vertex. IO/D: 1:4; 
PO: 0:83. Lacinia (Fig. 30) with a fine, pointed apical projection. Maxillary 
palp with fourth segment very elongate. Kemur of fore leg with a row of fine 
setae opposite tibia when leg is folded but setae without basal cones. Claws 
with small preapical tooth. Measurements of hind leg: F: 1-48mm; T: 
PoaommnMn ee Cie el 2 mm.) ts: 0-20 mm; rhs ol sls cts 46,0. Kore wang 
(Fig. 28) fairly broad, length: 4:-2mm; width: 1-6mm. Se reduced to a 
minute basal vestige. Pterostigma very narrow in basal third, broadened 
beyond ; hind border (formed by R,) angled at points from which crossveins 
to Rs or R,,, arise. Rs 4-branched. M 6-branched in holotype with all branches 
reaching wing margin; a cross vein from shallow areola postica to M, (i.e. 
posterior branch of M before its bifurcation). Rs—M crossvein long and oblique. 
M strongly sinuous before division. All veins, including Cu, and margin setose. 
Stigmapophysis short, conical, blunt. Hind wing length: 3-0mm; width: 
1:0mm. Hind wing (Fig. 29) somewhat narrow towards apex. Veins not 
unusually branched, i.e. Rs dividing into R,,, and R,,;; other veins simple. 
Rs and M fused for a length. Stem of Rs unusually long. Margin setose except 
for costal margin basad of R,. Veins with only occasional very fine setae in 
basal half of wing; in distal half setae are progressively stronger toward distal 
ends of veins. Epiproct simple, very densely setose in distal half. Paraproct 
rounded behind, setose, with a large field of trichobothria. Subgenital plate 
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Figs 21-27. Dicropsocus montanus sp.n. g. 21. fore wing. 22. hind wing. 23. lacinia. 24. head. 
25. phallosome. 26. labrum. 27. hypandrium. 
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Figs 28-32. Dicropsocus montanus sp. n. 9. 28. fore wing. 29. hind wing. 30. lacinia 
31. apex of gonapophysis. 32. gonapophyses. 
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simple, setose, lightly sclerotized. Gonapophyses reduced to the setose external 
valve (Fig. 32), apex attenuated (Fig. 31). 


MATERIAL EXAMINED. NEW GUINEA: 2 6 (including holotype), 1 2 (allotype), 
Jimi Highway, 2000 m, Waghi Valley, 30.viii.1970 (C.N.S. and I.W.B.T.). 
Holotype, allotype and paratype in the Australian Museum. 


DISCUSSION. From the other species of Dicropsocus described here D. montanus 
differs in wing pattern and form of the lacinial apex ; that of the female allotype 
(Fig. 30) appears to be distorted in the preparation. Also, the head pattern 
in Dicropsocus montanus (Fig. 24) differs from other species in the genus; D. 
montanus differs conspicuously from D. rugosus in having more apical branches 
to veins R and M. 

Dicropsocus complexus sp. 0. 


FEMALE. Coloration (in alcohol). Head pattern as in Figure 37. Fore wing 
(Fig. 33) and hind wing (Fig. 34). Pattern of body and legs as in Dicropsocus 
montanus. 

Morphology. Length of body: 3-2mm. Median epicranial suture distinct. 
Lacinia (Fig. 36). Lengths of flagellar segments: f,: 1-44mm; f,: 1-40 mm. 
Antennae fine with long setae. Ocellismall. IO/D:1-5; PO:0-55. Measure- 
ments of hind leg: F:1-56mm; T: 2:36mm; t,:1:16mm; t,: 0:20mm; 
rt:5°8:15; ct: 45,0. Fore wing length: 4-5mm; width:1-7mm. Venation 
as in Figure 33. There are some minor differences between right and left wings ; 
e.g. in the right wing there is only one crossvein from the apex of the areola 
postica and an additional crossvein between M, and M,. Veins, including 
Cu,, setose. Hind wing length: 3-3mm; width: 1-0mm. Margin beyond 
R, and veins in distal three quarters setose, the vein setae being better developed 
in distal third. Epiproct simple, rounded behind, with a few strong setae in 
basal half ; a row of strong setae arises from the hind margin ; apically knobbed 
setae absent. Paraproct broad and short with ovoid trichobothrial field, 
sparsely setose in distal half, hind margin strongly setose. Gonapophyses 
(Fig. 35). Subgenital plate simple, setose, the setae closer together proximally 
than distally. 


MALE. Unknown. 


MATERIAL EXAMINED. NEW GUINEA: 1 Q (holotype), Daulo Pass, 31.viil.1970 
(C.N.S. and I.W.B.T.). 


Holotype in the Australian Museum. 


DISCUSSION. Dicropsocus complexus has a distinctive head pattern and differs 
also in detail of wing pattern from the other species of the genus, especially 
D. rugosus sp. n. in which the apical colour band is much better developed. 


Dicropsocus rugosus sp. n. 


FEMALE. Coloration (in alcohol). Head pale brown with darker markings 
(Fig. 44). Genae pale with a dark brown patch above base of mandible and a 
paler brown anterior half. Scape and pedicel dark brown externally, paler 
internally, flagellum pale brown. Eyes black. Ocelli on small black tubercle. 
Maxillary palps pale brown, the two basal segments a little darker than the 
more distal segments. Mesothorax with anterior part of antedorsum brown but 
paler behind and between the parapsidal sutures which are brown; lateral 
lobes pale with dark brown antero-lateral margins and pale brown marks along 
parapsidal sutures which continue posteriorly as a double band to the scutellum. 
Laterally the pleura and coxae are marked with irregular blotches of dark 
brown, the thorax appearing to have broad, longitudinal bands. Femora pale, 
tibiae with a broad brown band near base and another at three quarters of 
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Figs 33-37. Dicropsocus complecus sp. n. 338. fore wing. 34. hind wing. 35. gonapophyses. 
36. lacinia. 37. head. 
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Figs 38-44. Dicropsocus rugosus sp. n. 38. fore wing. 39. hind wing. 40. detail of vein. 
41. gonapophyses. 42. lacinia. 43. paraproct. 44. head. 
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length towards distal end. Tarsi pale except for pale brown basal quarter of 
first segment. Fore wing (Fig. 38) hyaline with brown markings. Veins pale 
brown. Hind wing (Fig. 39) hyaline with pale brown markings at ends of 
veins and behind end of Cuy. 


Morphology. Length of body: 2-3mm. Epicranial suture inconspicuous. 
Vertex smoothly rounded. Length of flagellar segments: f,: 1-04mm; f,: 
0:96 mm. Antennae with setae widely spaced, short but strong. Eyes fairly 
large, just reaching level of vertex. IO/D: 1:2; PO: 0-8. Anterior ocellus 
very small, lateral ocelli small. Lacinia (Fig. 42) with finely pointed apical 
projection. Femur of fore legs with a row of setae with small basal cones. 
Measurements of hind leg: F: 0:-°92mm; T: 1-44mm; t,: 0:64mm; t,: 
0:16mm; rt: 4:1; ct: 34, 5. Fore wing (Fig. 38) length: 2-9 mm; width: 
1-1mm, R, and R; separate, i.e. R 4-branched and M 4-branched. Stem of 
Rs long; Rs-—M crossvein long, oblique. Rs, basad of Rs-—M_ crossvein, 
curved, each transverse thickening of the vein raised into a short point (Fig. 
40). Veins, including Cu,, strongly setose. Hind wing length: 2-0mm; 
width: 0-6mm; margin (Fig. 39) with long setae; veins in distal two thirds 
setose. Cu, glabrous. Epiproct rounded behind with a few long setae in basal 
half; in distal half a dense mass of long finely pointed setae distad of which 
a dense field of small spicules extends to the margin. Subgenital plate simple ; 
truncate posteriorly and well sclerotized, the surface with irregular rows of 
tiny spicules. Paraproct (Fig. 43); two of the marginal setae are apically 
knobbed. Inner surface near apex spiculate. Gonapophyses (Fig. 41) with 
very strongly sclerotized bar across base. 


MATERIAL EXAMINED. NEW BRITAIN: 1 @ (holotype), Cape Gloucester area, in 
forest, 305m, Anampi Forest, 20.xi.1974 (T. R. New and I. W. B. Thornton 
A second badly damaged specimen, possibly male, was taken at Hoskin’s Area, 
Kapiala Forest, Kasiloli, Megapode breeding area, 19.x.1974 (T. R. New and 
I. W. B. Thornton). 


Holotype in the Australian Museum. 


DISCUSSION. Dicropsocus rugosus differs from other species of the genus in 
having fewer branches to the veins, R and M each having four branches and in 
having an apical colour band from the areola postica to the wing apex as well 
as a faint suggestion of the remnant of a nodal band. It also has a distinctive 
facial pattern. 


KEY TO SPECIES OF Dicropsocus 


1. Genae pale ae. ae BGs ae Sis M: ae .. complexus 
Genae dark hae =e te ai Ke ats iis wis 2 

2. (1) More than one crossvein from pterostigma to Rs; Rs more 
than 3-branched ; M more than 4-branched .. .. montanus 


At most one crossvein from pterostigma to Rs ; Rs 3-branched 5 
M 4-branched a3 oe ee an Ae rugosus 
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William Rowan Browne, FAA, doyen of 
Australian geologists, died at the Scottish Hospital, 
Sydney, on 1st September 1975, following a heart- 
attack suffered that morning at his home in 
Edgecliff. He had come to this country seventy- 
one years before, a young man making desperate 
search for relief from the chronic ill-health that 
seemed to promise an early grave. Australia 
helped defer that promise yet death still came to 
rob, and to leave unfinished the course Browne had 
set. If latterly, impaired hearing and sight 
troubled him as did ‘‘a locomotion not what it 
used to be ’’, in mind he remained vigorous to the 
end. His regimen of thought and writing con- 
tinued unabated until the last days of August. 
What he saw as a “ remission of sentence ’’ was 
repaid in a life devoted to the service of his adopted 
country. That dedication brought a contribution 
to Australian science that defies adequate expres- 
sion in a brief memoir. But how better to try 
than by following the royal advice in Alice in 
Wonderland, a source highly esteemed by our subject: ‘‘ Begin at the beginning, 

pp) 


Browne’s parents kept the National School in the townland of Lislea, near 
Kilrea in Co. Derry. There he was born 11th December 1884, the sixth in a 
family of eight children. From the local school young Browne moved on to 
the Academical Institution at Coleraine. With first place for the whole of 
Ireland at matriculation and a collection of prizes he went up to Trinity College 
Dublin, in October 1903, intent on following a classical arts course, but the 
- onset of tuberculosis forced him to withdraw without completing a term. It 
was the first in that set of curious chances whereby Browne came to Australian 
geology. 

Medical opinion at the time favoured travel to ‘‘ healthy ”’ climes as appro- 
priate advice for consumptive patients, though as one authority admitted in 
the Encyclopaedia Britannica many were sent off merely to die. As a last chance 
Browne was urged to take a long sea-voyage and accordingly in February 1904 
set out for Australia. The disease had advanced considerably by the time he 
reached Sydney but after five months in a private sanitorium at Leura his health, 
remarkably, was improved to the extent that he could leave and take on lght 
duties coaching a student at Inverell. Later he moved to a grazing property 
near Goulburn as tutor to the owner’s children. At Wollogorang, Browne 
learned to ride and to love the open spaces of Australia. Towards the end of 
1906 he was deemed fit enough to settle in Sydney and resume studies. Shares 
in both the classical and mathematical scholarships offered by the university 
came his way at the honours matriculation of 1906. 


He had intended to continue with greek, latin and mathematics at univer- 
sity but was urged by a friend to consider a science course. To our lasting 
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benefit, the advice was taken. That Browne became a geologist was an equally 
happy chance. Rules for the B.Sc. degree required candidates to read fairly 
widely in the natural sciences. Browne knew nothing of geology but chose it 
as afourth subject for no deeper reasons than that the professor (Edgeworth David) 


had a good reputation among students and the excursions were said to be fun. 


The new recruit responded by taking both prizes awarded for Geology I. He 
chose to continue and thus came into close contact with W. G. Woolnough 
who had to run the department when the professor went absent-without-leave 
in Antarctica for a year (1908). Browne’s success at examinations ran on to 
final honours (then taken at the end of third year); he graduated early in 1910 
with firsts in both geology and mathematics, sharing the University Medal for 
geology with A. B. Walkom. 


If Browne had taken all the prizes on the way, Walkom beat him to the one 
that then mattered, a junior demonstratorship in the Sydney department. 
Browne had to look elsewhere and, as the mathematical course included lectures 
in astronomy, managed to secure the place of assistant at the Adelaide 
Observatory. The work was routine but, to judge from the stories he told of 
those days, Browne found it tolerably diverting. But he was far from dismayed 
early in 1911 to receive an offer from Sydney of the junior demonstratorship 
just vacated by W. N. Benson. 


Back in Sydney, Browne joined forces with Walkom to complete his first 
paper for publication, a study of the rocks at Pokolbin, first seen by both during 
an excursion in 1907. The work was hardly finished when he accepted an 
invitation to return to Adelaide, to teach mineralogy and petrology at the 
University as substitute for Douglas Mawson, who was then about to re-visit 
Antarctica. Browne spent 1912 at the University of Adelaide and proved 
his value as a teacher by sparking the interest of at least one student ; 
this young man, C. H. Tilley, eventually followed Browne back to Sydney there 
to take a degree with two University Medals. For some years a member of 
our society and once interested in a Macleay Fellowship, Tilley went on to 
become Professor of Mineralogy and Petrology at Cambridge. The two men 
remained firm friends, a friendship broken by Tilley’s death in 1973. News 
of that event elicited a characteristic response: ‘‘ When I was a lad I thought 
Queen Victoria would live for ever, but she let me down; then I thought Tilley 
would but now he has done the same!” Grief for Browne was a private matter, 
something to be parried lightly, not shared, with others. 


Browne returned to Sydney early in 1913 after a spell of field-work on the 
granites and metamorphic rocks at Victor Harbour. In that year Woolnough 
left for the foundation chair of geology at the new University of Western 
Australia, his place in Sydney being filled by L. A. Cotton. Browne, in turn, 
was promoted to the tenured post of assistant lecturer. Three years later he 
became lecturer, and in 1923 acquired the title of assistant professor. He was 
wont to claim that this unusual distinction came to all lecturers at Sydney 
who had completed ten years of blameless service but one can think of others 
at the time not so treated. Be that as it may, he became known, to his face, 
as Prof. Browne; behind his back he continued as none other than Buster Browne, 
incarnation of a hero of popular literature. He knew his nickname, indeed 
was proud of it, but one suspects the formal handle must have softened a little 
the blow when, in 1924, he was passed over in favour of the older, blander L. A. 
Cotton for the chair from which David had just retired. Browne served Cotton 
and his successor with utter loyalty though there must have been many occasions 
when he chafed under government by men whose achievements in science were 
so inferior to his own. Browne retired from the university with the rank of 
reader late in 1949, the occasion being marked officially by no more than a 
letter enquiring how he wished his pension paid. That was as far as Browne 
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let himself be drawn; if he felt disgust, he kept it private. Certainly it did 
not deter him from later giving a considerable amount of unpaid service to 
the university Archives, mainly in connection with organizing the David papers. 

Traversed thus, the record is unexceptional, a pattern repeated by others 
who failed to reach the top. But Browne only failed in the little world of 
university administrations ; the freer, more demanding world of student and 
professional science made amends. There the range and quality of his research 
and scholarship were fully recognized. He it was who succeeded Edgeworth 
David as Australian geologist extraordinary ; he would have wished no greater 
fame. Likewise, he acknowledged no greater debt than that to David. Only 
in the earliest period of Browne’s research was there another pervasive influence, 
that of Woolnough, in many ways really David once-removed. 


From Woolnough, Browne acquired his interest and skill in petrology, the 
subject he was to teach for many years and to enlarge with many notable papers. 
His early work at Cooma, an area to which Woolnough had introduced him, 
yielded in 1914 a landmark among Australian metamorphic studies. Schists 
and gneisses were then still regarded traditionally as geologically ancient. By 
careful mapping Browne showed that part at least of the metamorphic complex 
at Cooma was no older than late Ordovician. Thirty busy years passed before 
the second part of the Cooma study appeared, a fact in its own way revealing. 
Browne worked carefully, without haste to publish; his papers required no 
corrigenda. 


Metamorphic studies at Broken Hill, undertaken in collaboration with the 
N.S.W. Geological Survey, led to a thesis on The Petrological Evolution of 
the Willyama Complex tor which Browne received a Sydney D.Se. with University 
Medal in 1922. Other works of a petrographic nature followed in that decade, 
on metamorphic and igneous material such as the monzonite from Kiandra 
that became a favourite with which to confront students at examinations. The 
Kiandra study was one of a number issued under joint authorship but in fact 
conceived and written by Browne, the second author being an analyst at the 
Mines Department. Although Browne had performed a few analyses himself 
he had little taste for this particular form of disciplined drudgery. It mattered 
more to him that he knew how to handle chemical data. 


Other petrological investigations arose from the context of stratigraphical 
work. David’s discovery in 1914 of glacial evidence at Seaham induced Browne, 
and others, to examine problems of late Palaeozoic glaciation and stratigraphy. 
With these studies Browne also resumed the work on late Palaeozoic eruptive 
rocks begun at Pokolbin. The phenomenon of secondary mineral-adjustment in 
these voleanic materials kept his interest for some years and led also to studies 
of alteration in the Prospect intrusion near Sydney and in Permian lavas at 
Port Kembla. With the advantage of hindsight it may seem strange that 
Browne, a man acutely conscious of geological relations, should have failed to 
recognize the fact that the sedimentary rocks associated with the altered lavas 
were themselves altered in kindred fashion. But the potential of sedimentary 
petrology was not realized when Browne tackled these problems of secondary 
alteration. Sediments and igneous rocks still kept their separate places, with 
only the latter being brought to the microscope. Browne’s adoption of the 
model of endogenous alteration in the igneous bodies, a concept then being 
advanced overseas, at once shows his close awareness of scientific progress and 
a certain failure to question beyond the bounds of convention. Browne was 
no radical; his strength lay in a capacity for careful observation and an extra- 
ordinary skill at drawing together in a critical way diverse strands of information. 


The skill that impressed David sufficiently to entrust Browne with the task 
of realizing his last great scheme for Australian geology became apparent first in 
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the valuable reviews Browne prepared as secretary to research committees of 
AAAS. Their range, from matters of late Palaeozoic stratigraphy to metamorphic 
correlation, is as remarkable as their penetration. More than mere surveys of 
literature, these essays are illumined by original information and matching 
thought. Nowhere was the style better exemplified than in the presidential 
addresses offered our society in 1929 and the Royal four years later. The 
address of 1929 drew a coherent picture of the connections between crustal 
movements and igneous action to the end of Palaeozoic time in what is now 
New South Wales. If the germ of the idea came locally via E. C. Andrews and 
David, Browne made it his own; his synthesis depended heavily on original 
information. It was a topic that long attracted him, being refined and polished 
later for the book of 1950 and in occasional addresses. The story of igneous 
action was extended forward in time by the address of 1933; there the play 
of orogeny is less relevant and the petrological flavour more developed. 


In that review of 1933 Browne recognized the existence locally of contrasted 
types of basaltic rocks long before notions of tholeiites and alkali basalts became 
fashionable. The work remains a significant source for any student of Mesozoic 
and Tertiary basalts in New South Wales but how widely is it recognized that 
Browne had found a fundamental relation with little beyond the Mull Memoir 
to serve aS guide? He did not bother much about blowing his trumpet, at 
least not by way of publishing in so-called international journals; loyalty to 
local journals for him was a matterof principle, those ambitious young authors 
who sought wider fame abroad for their Australian work earned his disapproval. 
One small piece of Browne’s work, however, continues to find a place in inter- 
national text-books. It is that paper about what he insisted should be spelled 
bathyliths in which time-relations between tectonism and granite-emplacement, 
and the criteria whereby these relations may be established, are examined with 
elegant clarity. 


But above all, it is for The Geology of the Commonwealth of Australia that 
Browne will be remembered even if he insisted that his part was no more than 
that of an assistant at first privileged to help David and afterwards honoured 
to be made responsible for completing the work. To Browne it remained The 
Professor’s book, references to ‘ David’s Geology ... by W. R. Browne’ simply 
made him annoyed. Yet the plain fact is that Browne did write it; he had no 
real choice. Browne’s versatile intelligence as much as his personal devotion 
to David made him the obvious assistant in a work that David had projected 
long before he retired. From time to time after 1924 David laboured on the 
book but failing health prevented the progress he wished for. Publication of 
the geological map and its explanatory notes in 1932 can now be seen as David’s 
Swan-song; yet until a few months before he died in 1934, David could not 
bring himself to admit the failure that haunted him. Only then did he ask 
Browne to take over. That personal commission was confirmed by the N.S.W. 
Government late in 1935 after it had bought the “‘ manuscript ”’ from the David 
estate. 


Despite Browne’s close association with David’s work he had no clear 
notion of what had been achieved. The material lay as miscellaneous notes 
in dozens of cardboard boxes and there was no way of knowing how long the 
editorial work would take, so a period of two years was agreed upon. When 
Browne discovered how little sustained writing there was amongst the mass of 
notes, the need for him to exceed the normal role of editor became as painfully 
clear as the inadequacy of the time set down for completion. The work dragged 
on beyond the period of secondment from university duties only to be interrupted 
further by the outbreak of war. But Browne kept writing throughout this 
period, having to add more and more of his own material to replace the original 
and now out-of-date notes; by the end of 1944 he had completed the first 
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draft. Then for the first time in his academic career he took sabbatical leave, 
to make a comprehensive revision. That done, the government committee 
in charge of the work arranged for him personally to deliver the typescript to 
the London publishers with whom David had made an agreement some twenty 
years before. Galleys had been checked and page-proofs were coming through 
when Browne returned to Sydney in May 1948 to resume teaching duties. The 
rest of the work, including preparation of an index, occupied his spare time. 
When the book finally appeared in 1950, nearly sixteen years after David’s 
death, Browne himself was retired. 


Browne had devoted almost two decades to this labour of love which stands 
now as a monument to two great Australians by adoption. If David alone in 
his time could have conceived the book it is equally certain that of his generation 
only Browne had the intellectual range to accomplish it. David established 
the broad framework; Browne provided substance to cover the bones. But 
it was no simple filling-out ; Browne in his spare, precise prose completed those 
patterns David had sought. We see it, for instance, in Browne’s recognition 
of the Benambran and Bowning revolutions in the Palaeozoic history of south- 
eastern Australia. 


Retirement brought little change in the pace of Browne’s work though he 
deeply regretted having to give up teaching. With the book off his hands and 
all too aware of how petrology had slipped from his grasp in the time he had laboured 
to realize David’s dream, Browne turned to another field where devotion to 
The Professor could have full rein. To our society in 1945 Browne had given 
a second masterly presidential address in which he sought to organize the data 
of Australia’s post-Tertiary history. That subject and in particular the 
evidence of Pleistocene glaciation at Kosciusko came to dominate his last 
years. 

This preoccupation with Kosciusko began, indeed, before Browne had 
graduated from university. A visit there in 1942 revived interests dormant 
since the 1920s and was followed by a more extensive reconnaissance in 1946 
under the auspices of a joint committee of this and the Royal Zoological Society 
of N.S.W. Each summer from 1951 to 1955 Browne led parties of biologists 
and geologists to Kosciusko on behalf of the joint committee. If his main 
concern was with glacial evidence, other more public matters came to share 
that attention. Human agencies were despoiling the landscape he loved and, 
importantly, destroying features significant to science. The David Memorial 
Lecture of 1952, commemorating one who had espoused the interests of con- 
servation long before it became a fashionable cause, gave Browne an opportunity 
to advocate views on restricted use of the summit area. His proposals attracted 
vehement criticism from graziers and others with vested interests, but Browne 
kept fighting, one of the mere handful of senior scientists who felt concerned 
enough to become involved. Proclamation in 1962 of the primitive area at 
Kosciusko owed much to Browne’s sustained effort as a publicist. When the 
joint committee ceased activity, Browne and his wife continued to work privately 
at Kosciusko until her failing health put a stop to the annual pilgrimages after 
1965. 


Controversy surrounds Browne’s views on the record of Pleistocene glaciation 
at Kosciusko. David, years before, had presented a three-fold chronology of 
glaciation there and linked it to Quaternary events in other regions. David 
envisaged an early ice-sheet glaciation as the most extensive phase, later glacial 
activity being confined to carving valleys and, finally, restricted to deepening 
cirque-heads. Browne adopted that scheme with deep conviction and over 
the years proceeded to document details of the Kosciusko landscape in those 
terms. No one had a closer knowledge of the terrain, but his work, and in part- 
icular that part relating to what he took to be the extent of the earliest glaciation 
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has found little favour among geographers who argue that the influence of ice 
was far more limited than Browne believed. It remains to be seen who was 
nearer the truth. 


Browne did not welcome the criticism and found it easy enough to point 
out weaknesses in his opponents’ case. What he regretted far more was the 
virtual abdication by geologists of interest in geomorphology. He had kept 
alive the flame of physiography kindled in Sydney by David, while his students 
and their fellows were letting it pass to those he considered at best only half- 
baked geologists who ought to follow the elder Pliny’s advice: Ne supra crepidam 
sutor wudicaret. ‘The experience saddened his final years but he went out fighting, 
at work on a new paper dealing with yet more evidence of glaciation, and with 
its distribution, until a few days before his death. 


Although the greater part of Browne’s career was devoted to what, for 
want of a better term, is called pure science, he made a number of excursions 
into more distinctly practical science. His work as a consultant for the 
Warragamba Dam project, begun in 1943 in collaboration with L. L. Waterhouse, 
is but the most notable of these. As a result of their investigations, the site 
first selected was condemned and a new search (from which Waterhouse had 
to withdraw for reasons of health) instigated. By 1946 a satisfactory location 
had been found. The president of the Water Board when announcing acceptance 
of the consultants’ advice paid tribute to the work of Browne and Waterhouse 
and added that their research had already saved the board some £2 million in 
construction costs. Browne continued his valuable association with the pro- 
ject until the dam was finished in 1960. Other less well-known facets of Browne’s 
activities as an engineering geologist include extensive site-investigations for 
the new single-arch Gladesville Bridge in Sydney. 


The generation privileged to know Browne esteems the man with the same 
deep respect his work commands. Those who were his students recall how he 
dominated the Sydney department. They turned to him as natural leader in 
science. The bright ones followed him into petrology which became the local 
field of excellence. If none followed him to become all-rounders it may have 
been because his own contributions made that all but impossible. Browne was 
the last of his tribe ; his successors are specialists. 


To the beginner Browne could present a pretty daunting image. Formal in 
front of a class, the close attention he received may have been initially no more 
than a response to the stern gaze, but ere long most students found themselves 
captivated by the splendidly-organized material delivered in a flow of wonderful 
words. Browne was a master of words and if the touch of native Irish accent 
betrayed the source of his mastery it was one far from Blarney. A 
man of simple tastes and economical habits, Browne likewise was careful with 
words. The driest subject thus equipped, and relieved occasionally by quiet 
puns and anecdotes, came to life; only twinkling blue eyes in an otherwise 
solemn visage acknowledged the sallies. The style, no doubt, made the 
‘““ Browneisms ’? more memorable. There can be few of his students and asso- 
ciates who do not treasure their own collection of favourites. 


Unlike so many stories that pass into student folk-lore, they are not so 
much about the teacher as from the teacher. Browne was no eccentric. The 
stories appeared in all sorts of contexts but perhaps the greatest number derived 
from field trips; there Browne was in his element. Many students discovered 
for the first time on an excursion that the severity was something of a mask. 
Browne, in fact, could be remarkably approachable, though woe betide anyone 
who tried undue familiarity. It was little short of amazing how gently he 
treated the most preposterous stragglers. Stories heard at the camp-fire at 
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night, if not against the teller, would often relate the exploits of some past 
delinquent or of some departed colleague. 

To be with Browne in the field was an educational experience and that not 
merely in the narrow sense of learning geology. Young Australians who brought 
no love of language or literature from school had the deficiency remedied in the 
bush through the art of conversation. They might note the learned quotations 
and jokes at which they laughed with more politeness than understanding 
and later seek out the sources. Slowly, they acquired something of what used 
to be called polite learning. It added to the thrill of arguing with Browne. 
One did not expect to prevail against such a sharp-minded, articulate opponent, 
but to have tried seemed reward enough. To reach checkmate and dismissal 
with de gustibus non disputandem was an achievement; to be styled advocatus 
diaboli was heady praise. 

In the field Browne set a cracking pace yet nothing seemed to escape him. 
Although he took exemplary care with a notebook, one wondered why. 
He had a most extraordinary memory which applied quite as much to people 
and places as to literature. Localities not seen for years could be described 
to the last detail, and anyone seeking a particular outcrop was likely to find 
Browne’s verbal recollection as useful a guide as a photograph or a map. 


For all his tidy-mindedness Browne was relaxed in his habits. He might 
admire order, yet he existed in circumstances reassuringly confused. If his 
field-books were models of careful record, office notes might be jotted on scraps 
of paper. Tied or pinned in bundles they became his files. Thin-sections 
were packed away in an almost limitless supply of old tobacco tins. Yet 
Browne knew where to find things, and that was what mattered. Those files, 
incidentally, reveal an unexpected facet of the man who was so fluent in speech 
and in his published writing. Draft manuscripts covered with deletions and 
substitutions bear witness to the painstaking attention that lay behind what 
seemed like native skill. Authors who felt their manuscripts were savaged by 
Browne the referee can take comfort from the knowledge that he was no less 
exacting with himself. 


Browne was the sort of man whose presence is felt in any company. 
Naturally reserved and unpretentious, there was no false modesty about him ; 
he knew his abilities and was confident of them. There seemed never to be a 
need to raise his voice; even on those rare occasions when stirred to anger cool 
logic did not desert him. On committees he was admirable. He knew his 
mind and was forthright in giving it expression. Good manners combined with 
intelligence, that remarkable memory and a deep concern for precedent would 
usually enable him to restore order to a discussion made aimless by colleagues 
with greater zeal than sense. For Browne precedent was something both precious 
and fertile. His strength seemed to reside in a formidable grasp of his subject 
and great slall in reasoned argument rather than any dependence on intuitive 
flashes. 


Browne’s devoted work for various scientific organizations was a practical 
expression of his sense of duty. Our own society enjoyed his membership for 
64 years. He joined the council in 1924 and continued to serve until 1932 
when he resigned over a matter of principle—‘‘ something that at the time 
seemed important ”’ was as far as he would let himself be drawn on that point. 
Appropriately, he returned in October 1934 to fill the place made vacant through 
the death of Edgeworth David. Thereafter, he continued on council until 
1973 when he became our second councillor emeritus. Browne was twice 
president (1928-9 and 1944-5) and at a time of crisis in the society’s affairs 
early in 1951, he came forward to offer his services as honorary secretary, an 
offer gratefully accepted. In that capacity he served until 1966 (and again 
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for a few months of 1969 in another period of difficulty), sharing responsibilities 
with A. B. Walkom. The latter took care of editorial business ; Browne attended 
to the considerable amount of other secretarial work. Their devotion to the 
society’s interests is beyond praise. But if the two men have left us utterly 
in their debt, the ledger is not quite blank on the other side. Browne and 
Walkom, who had been friends since their undergraduate days, came to share 
an office at Science House. There one day in the course of conversation Walkom 
suggested that after fifty years perhaps it was time they got on first-name terms. 
Browne readily agreed, but added when telling the story (with still a certain 
surprise at the novelty of Walkom’s thought), that it was something which 
never would have occurred to him. William Browne and Arthur Walkom 
were certainly private men but they had a wonderful sense of public duty. 


The Royal Society of New South Wales, which he joined in 1913, made Browne 
an honorary member in 1969 and handsomely acknowledged his eminence in 
many ways. He had been a councillor from 1929 to 1942, president in 1932-3 
and for one session honorary editorial secretary. The Clarke Medal (1942), 
the Royal Society’s own medal for distinguished service (1956) and the Clarke 
Memorial Lectureship (1949) stand among the honours that society bestowed 
on Browne. The Royal also paid him the handsome compliment of issuing 
volume 99 of its Journal and Proceedings as the W. R. Browne Volume. 


For a few years Browne worked for the Australian National Research 
Council and for a much longer time supported ANZAAS and its predecessor 
AAAS. He presided over Section C (Geology) at the Hobart congress in 1949, 
was David Lecturer (1952) and received the Mueller Medal (1959). The 
Australian Journal of Science claimed his attention as an assistant editor. And 
in spite of his views on geographers’ treatment of what he saw as geological 
problems, he maintained a lively interest in geography. He accepted a place 
on the council of the Geographical Society of New South Wales when it was 
founded in 1927 and remained a councillor until the late 1940s. In that time 
he twice occupied the presidential chair (1929-30 and 1948-9) and was long 
active on the society’s research committee. Browne died an honorary member of 
the Geographical Society. When Australian geologists organized themselves into 
a society, Browne became a founding member and the second president (1955-6). 
The Geological Society of Australia made him an honorary member in 1957 
and has now established in his memory the W. R. Browne Medal to be awarded 
for distinguished service to Australian geology. 

In 1954 the Australian Academy of Science crowned the then far from 
finished career of Australia’s elder statesman of geology by electing him to 
its fellowship. At the time and for many years after Browne was the only 
geologist resident in New South Wales to be so honoured. He proudly identified 
himself with the Academy’s work and served on its council from 1957 to 1960. 


As to Browne’s family life, only the barest outline will be given. To do 
more would seem unwarranted intrusion. He was twice married. His first 
wife, Olga Marian Pauss, B.A., graduated in geology at Sydney and prior to 
her marriage in 1915 had worked as curator of the geological collections at the 
University. There were two daughters, Margaret Rowan and Helen Rowan. 
The former graduated B. Arch. (Sydney) in 1940 and now practises her profession 
in London. Helen Browne followed her father into science, taking a Sydney 
B.Se. with first class honours and University Medal in Botany (1942). After 
a period of postgraduate research in botany she joined the Women’s Australian 
Air Force. On demobilization she moved to CSIRO, Canberra. Married in 
1947 to F. H. Morley, a geneticist also with CSIRO, she died tragically in 
December 1976. Following the death of Mrs. Olga Browne in 1948, her husband 
and daughters donated a sum of money to the University of Sydney for the 
purpose of establishing a memorial prize. The Olga Marian Browne Prize is 
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offered annually for proficiency in field-work during the second year course 
in geology. 

Then in 1950 Dr. Browne married his colleague Ida Alison Brown, D.Sc., 
Senior Lecturer in Palaeontology in the University of Sydney. Dr. Ida Browne 
resigned from the University staff shortly afterwards. Both continued their 
active interests in research. Many scientifically fruitful years were thus shared, 
she helping him in the field at Kosciusko, he helping ber with stratigraphical 
work at Yass and on the South Coast, until Dr. Ida Browne’s health gave way. 
Her lest years passed under constant medical care and the equally constant 
eare of a devoted husband whom she survived by little more than a year. 


Singula de nobis anni pracdantur euntes. 


T. G. Vallance. 


Note: 

A list of W. R. Browne’s published works is appended to the memorial 
article prepared for the Records of the Australian Academy of Science; for 
reasons of economy the list is not printed here. A photographic portrait of 
Browne will be found as frontispiece to the W. R. Browne Volume (J. Proc. R. 
Soc. N.S.W., 99, 1966). The pen and ink portrait that illustrates this memorial 
was kindly prepared by Mr. L. Hay from a photograph taken by Dr. Ida Browne 
about 1968. 
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PURSE IS 


A SILURIAN (UPPER LLANDOVERY) CORAL FAUNA) FROM: |THE 
WOOLOMIN BEDS NEAR ATTUNGA, NEW SOUTH WALES 


RUSSELL L. HALL* 


(Plates 1—v) 


[Accepted for publication 19th October, 1977] 


Synopsis 
Corals of Upper Llandovery age are described from two limestone lenses interbedded with 
cherts and jaspers of the Woolomin Beds just east of the Peel Fault System in northeastern New 
South Wales. New species described are Mazaphyllum acclive, Laceripora dactylioides, Halysites 
stellatus, H. strongyloides, H. corrugatus and Densoporites acanthodes. The age of the Woolomin 
Beds is discussed. 


INTRODUCTION 


Limestones of pre-Devonian age were first recognized and located accurately 
in the area between the Namoi River and Moore Creek by Chappell (1961). 
These lenses, which crop out within or just to the east of the Peel Fault System 
(Fig. 1), were assigned an Ordovician-Silurian age on the basis of tabulate coral 
faunas occurring at L4 and L6 and mapped as part of the Woolomin Beds. 
Prior to Chappell’s work limestones had been recorded at several localities 
adjacent to the Peel Fault System, but their stratigraphic relationships and 
ages were not known. Benson (1917: 695) described lenticular masses of 
limestone east of the Peel Fault amongst crushed and sheared cherts, agglo- 
merates and volcanic breccias which he called the ‘‘ Eastern Series”. No 
specific localities were given and these limestones were mapped as part of the 
‘* Nemingha limestone horizon” in the Tamworth Group, which Benson traced 
north from the valley of The Horse Arm Creek to Crow Mountain. Carne and 
Jones (1919) described the lenses recorded as L1, L7, L8, and L9 by Chappell 
(1961) and placed them in the Devonian. 


This paper describes coral faunas from two limestone lenses within the 
Woolomin Beds (Lens 4 and part of Lens 6 of Chappell) ; the age of the faunas 
is Upper Llandovery. This is the first fauna from the Woolomin Beds whose 
age has been reasonably established. Whether this is an accurate age for the 
enclosing sediments of the Woolomin Beds is still uncertain because of a possible 
allochthonous origin for the limestones. No graptolites have so far been found 
in the Woolomin Beds. 

The material described in this paper is lodged in the fossil collections, at 
_ the Geology Department, University of New England, Armidale (subsequently 
abbreviated UNE F). The locality numbers refer to the catalogue of localities 
maintained in the same Department as follows: Locality 451 (Chappell’s L4 
on Figure 1) and Locality 841 (the southern part of Chappell’s L6 on Figure 1 ; 
for numbering of individual lenses at this latter locality see Hall, 1975: Fig. 1). 


THE WOOLOMIN BEDS 
(Benson, 1913, emend. Crook, 1961) 


The lithology, distribution and nomenclature of the Woolomin Beds have 
been discussed by Crook (1961) and Chappell (1961). 


* Department of Geology, University of Calgary, Calgary, Alberta, Canada T2N IN4. 
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The Woolomin Beds in the Attunga district consist predominantly of 
cherts and massive red jasper bars, laced with abundant quartz veins. Masses 
of highly sheared serpentinite are common, presumably located along small 
subsidiary fault planes associated with the Peel Fault System. Small limestone 
lenses occur at several localities within the Woolomin Beds (Fig. 1). 


A dark, fine-grained limestone with breccia patches and a high bioclastic 
content of corals, with crinoid and brachiopod fragments, covers an area of 
150 m? at Locality 451 (Chappell’s original L4). The exposure is about 50 m 
west of the road from Attunga to Halls Creek which follows Spring Creek, at 
the top of the ascent from the valley of Spring Creek (Grid Reference 915840, 
Attunga 1 : 63,360 topographic sheet). This limestone has yielded the following 
fauna: <Acanthohalysites pycnoblastoides (Etheridge) ; Densoporites acanthodes 
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Fig. 1. Geological map showing location of limestone lenses associated with the 


Woolomin Beds, within or adjacent to the Peel Fault System (after White (1964). 


Lens numbering occording to Chappell (1961). 


sp. nov.; Halysites cratus Etheridge; Halysites lithostrotonoides Etheridge ; 
Halysites strongyloides sp. nov. ; Halysites bellulus Hamada; Halysites stellatus 
sp. nov.; Laceripora dactylioides sp. nov.; Mazaphyllum acclive sp. nov. ; 
Plasmoporella sp. ef. P. convexotabulata Kiaer ; Favosites sp. cf. F. yassensis 
Jones ; Favosites allant Jones. 


Detailed mapping at Locality 841 (Chappell’s L6) by plane table has revealed 
numerous small limestone lenses (yielding a rich Late Ordovician coral fauna) 
interbedded with green cherts and pale brown mudstones; these sediments 
comprise a fault block within the Peel Fault System and have been described 
as the Uralba Beds (Hall, 1975). Immediately to the south another fault block 
contains cherts and jaspers of the Woolomin Beds with several small limestone 
lenses, one of which (Lens 0, Grid Reference 884895, Attunga 1: 63,360 topo- 
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graphic sheet ; see Hall, 1975: Fig. 1 for accurate location) has yielded Halysites 
lithostrotonoides Etheridge and Halysites corrugatus n. sp. 


Small lenses of schistose serpentinite occur at a number of localities within 
the Woolomin Beds to the east of the Peel Fault System. Chappell (1961) 
placed the two large serpentinite masses northeast of Attunga within the Woolomin 
Beds. Im fact the continuous belt of rocks mapped by Chappell as part of the 
Woolomin Beds and lying to the west of these serpentinite masses is now shown 
to consist of a series of fault blocks (of Ordovician, Silurian and Permian ages) 
within the Peel Fault System (Fig. 1). Thus the serpentinite masses in question 
may be regarded as lying along a major fault plane which is undoubtedly part 
of the Peel Fault System proper, as is the case elsewhere in New England (for 
a Summary of similar occurrences of serpentinite see Leitch, 1969 : 29). 


AGE OF THE FAUNA AND THE WOOLOMIN BEDS 


The best known Silurian rocks in New South Wales occur in the Lachlan 
Geosyncline of the southern and central highlands, extending from Albury 
to Dubbo. Faunas of this region include both shelly and graptolitic facies, 
the latter providing broad correlation with the European sequence, particularly 
for the Late Silurian. West of Orange most of the Silurian sequence is included 
in the Panuara Group, near the base of which the Bridge Creek Limestone has 
yielded Schedohalysites orthopetroides (Etheridge), Halysites cratus Etheridge, 
Heliolites sp., Desmidopora sp., Mucophyllum sp., Cystiphyllum sp., Kloedenia 
sp., Leperditia sp., Lambeophyllum profundum (Conrad), Streptelasma recisum 
McLean and Priscosolenia (Stevens and Packham, 1953; McLean, 1974b). 
Graptolites of the Monograptus gregarius zone occur about 18m above the 
Bridge Creek Limestone ; a late Lower Llandovery to early Middle Llandovery 
age for the limestone is indicated (McLean, 1974b). Further west Packham 
and Stevens (1955) recognized the Quarry Creek Limestone ‘‘ Member” as the 
basal unit of the Panuara ‘‘ Formation’, with the following coral fauna: 
Acanthohalysites peristephesicus (Etheridge), A. pycnoblastoides (Etheridge), 
A. australis (Etheridge), Halysites sussmilchi Etheridge, H. lithostrotonoides 
Etheridge, H. cratus Etheridge, Arachnophyllum epistomoides and Mucophyllum 
crateroides Etheridge (Etheridge, 1904: 38; 1909: 304; Sussmilch, 1907: 131). 
Monograptus marri occurs in immediately-overlying fine grained sandstones 
and the limestone has been placed in the Middle Llandovery (Packham and 
Stevens, 1955: 58); Talent et al. (1975: 78) suggest a late Llandovery age for 
the sandstone containing M. marri. McLean (1974c) redescribed Mictocystis 
endophylloides Etheridge from this horizon and correlated it with the Rosyth 
Limestone ‘‘ Member ”’ (see also Walker, 1959; Packham, 1969), which forms 
the basal unit of the Panuara Group further to the northeast. The following 
corals have been described from the Rosyth Limestone: Acanthohalysites sp. 
ef. A. pycnoblastoides (Etheridge), Schedohalysites orthopteroides (Etheridge), 
IIeliolites daintreet Nicholson and Etheridge, Favosites spp., Coenites sp., Rhizo- 
phyllum sp., Mucephyllum sp., Phaulactis sp., Cystiphyllum sp. and Arachno- 
phyllum? epistomoides Etheridge (Walker, 1959: 42) and also Keiophyllum 
attenuatum McLean (Mclean, 1974c). On the basis of conodont faunas both 
the Quarry Creek and Rosyth Limestones are believed to be Upper Llandovery 
in age (McLean, 19740 : 656). 

Sherwin (1971 : 211) recorded the presence of abundant colonies of Halysites 
lithostrotonoides Etheridge in Limestone A at the base of the Boree Creek 
Formation and correlated the limestone with the Quarry Creek Limestone ; 
according to Sherwin this species is not known to occur any higher in the Silurian 
of the central west. 

The coral faunas described here from limestones within the Woolomin 
Beds of New England show closest similarities with those from the Quarry 
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Creek and Rosyth Limestones of the central-west, particularly in the abundance 
of halysitids (Halysites lithostrotonoides, H. cratus and <Acanthohalysites pycno- 
blastoides being species in common), and probably are also of Upper Llandovery 
age. 

The type species of Mazaphyllum (M. cortisjonesi Crook) comes from 
strata believed to be an easterly extension of the Tanwarra Shale, the age of 
which has been given as Late Llandovery-Early Wenlock (Packhain, 1969 : 
108) or Wenlock-Ludlow (Talent et al., 1975: 87). The genus is known clsewhere 
in central and southern New South Wales from rocks of Wenlock and Ludlow 
age, above which it is said to become much rarer (Vandyke and Byrnes, 1976 : 
132), and also from the Molong Limestone of Ludlow-Downton age (Sherwin, 
1971: Fig. 10). It has recently been recorded from the Pridolian of Somerset 
Island in the Canadian Arctic (McLean, 1976: 298; Pedder, 1976: 287). Thus 
M. acclive n. sp. from the Woolomin Beds fauna, here dated as Upper Llandovery, 
may be the earliest known species. 
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Fig. 2. Mazaphyllum acclive sp. nov. x3. (A) UNE F8755 (holotype), transverse section ; 
B) UNE F8756 (holotype), longitudinal section. From Locality 451, Woolomin Beds. 


The Woolomin Beds have recently been interpreted as pelagic sediments 
which accumulated on the continental rise or abyssal plain and were progressively 
seraped off and deformed against an inner trench wall during subduction (Oversby, 
1971; Scheibner and Glen, 1972: 10; Scheibner, 1973: 417; Leitch, 1975: 
142, 143). Shallow-water sediments such as the coralline limestones represented 
by the Ordovician Trelawney Beds (Philip, 1966; Hall, 1975) and the Silurian 
lenses described here have been variously interpreted as representing sedimentary 
cappings of guyots and oceanic islands now incorporated as ‘‘ tectonic slices ”’ 
(Scheibner, 1973 : 417), or sediments which have slumped into the trench from 
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a frontal are (Scheibner and Glen, 1972: 10) or from volcanic islands (Leitch, 
1974: 148). Such exotic blocks are known from Palaeozoic sequences elsewhere 
in eastern Australia (Conaghan et al., 1976: 529). Sherwin (1971: 221) reported 
blocks of Ordovician voleanics and limestones in the Upper Silurian-Lower 
Devonian Wallace Shale west of Orange ; megabreccias within the Lower Devonian 
Nubrigyn Formation south of Wellington contain allochthonous limestone 
blocks derived from adjacent shallow-water carbonate shelves and einplaced 
by submarine debris-flow (Conaghan et al., 1976 : 527). 


Association of shallow-water ‘‘ reefal’’ limestones with cherts and jaspers 
of presumed deep-water origin in the Woolomin Beds suggests that these lime- 
stones may also be allochthonous megaclasts or olistoliths. Observation of 
possible stratigraphic discordance with, and structural deformation within, 
the contiguous sediments was not possible because of poor exposure. The 
Upper Llandovery coral faunas from the limestone blocks may, therefore, give 
only an approximate age for the enclosing Woolomin Beds. 


Fig. 3. Plasmoporella sp. cf. P. convexotabulata Kiaer. x4. (A) UNE F8736, transverse 
section ; (B) UNE F8734, longitudinal section. From Locality 451, Woolomin Beds. 


SYSTEMATIC DESCRIPTIONS 
Order RUGOSA Milne-Edwards and Haime, 1850 
Suborder Cystiphyllina Nicholson in Nicholson and Lydekker, 1889 
Family CYSTIPHYLLIDAE Milne-Edwards and Haime, 1850 
Genus MAZAPHYLLUM Crook, 1955 
Type Species. Mazaphyllum cortisjonest Crook, 1955: 1053-1056, Figs 2, 3; 
from Portion 60, Parish Turon, Country Roxburgh, N.S.W. OD. 


Diagnosis. Plocoid Cystiphyllina, thamnasterioid, having septa, each of which 
consists of a single series of discrete acanthine trabeculae, which are never 
contiguous, and which may pierce several dissepiments. Unique among the 
Cystiphyllina in being plocoid (Crook, 1955 : 1052). 
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Mazaphyllum acclive sp. nov. 
(Plate III a, b, c; Fig. 2) 

Name Derivation. Latin acclivis=sloping upward. A reference to the inclined 
trabeculae making up the septa. 
Material. Three longitudinal and two transverse sections, numbered UNE 
F8755-8 (designated holotype) and UNE F11790 ; only the thin sections remain ; 
from Loeality 451, Woolomin Beds. 
Diagnosis. Mazaphyllum with narrow tabularium containing closely spaced, 
incomplete tabellae ; septa long, about 40 in number. Layers of dissepimental 
tissue between corallites strongly arched. 
Description. Corallum plocoid, thamnasterioid, consisting predominantly of 
layers of dissepimental tissue. Tabularia circular in cross-section and varying 
in diameter from 2-3 to 3-0 mm, evenly spaced at intervals of 8-10 mm. 

Dissepiments flatly globose and of even height, usually between 0-7 and 
0-9 mm ; length 0-25-0-3mm. Layers of dissepiments strongly arched between 
tabularia, but become horizontal approaching each tabularium ; margins of 
tabularia not always distinct, dissepiments sometimes merging with tabellae. 


Fig. 4. Favosites sp. cf. F. yassensis Jones. 4:5. (A) UNE F8726/1, transverse section ; 
(B) UNE F8726/2, longitudinal section. From Locality 451, Woolomin Beds. 


Septa average 40 in number, arranged radially around each tabularium ; 
confluent, curving between adjacent tabularia ; consisting of discrete, acanthine, 
trabeculae 0-8 to 1-2 mm in height and 0:05 to 0-12 mm thick. Centres of 
individual trabeculae about 0-1 mm apart in the plane of each septum and 
some linked by lamellate sclerenchyme. Individual trabeculae arise from 
dissepimental crests, are inclined at about 30° from the vertical towards nearest 
tabularium, and may pierce several dissepiments. 


The horizontal elements in the tabularia consist of very closely spaced 
tabellae, gently arched near the centre of the tabularium, but inclined upwards 
near its margin. Complete tabulae very rare. 

Remarks. The nature of the complete corallum could not be determined from 
the single fragment available ; because of disruption by stylolites and calcite 
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veins, determination of the exact number of septa was not possible. No details 
of fine structure are visible. 


This species is quite distinct from the type species, M. cortisjonesi Crook 
which has essentially horizontal layers of dissepimental tissue, which, near the 
margins of tabularia, become inclined at angles of about 30° to the tabularial 
axis ; in the present species these layers are strongly arched midway between 
tabularia, but approaching the tabularia become horizontal. Trabeculae 
arising from the arched zone of dissepiments are thus inclined towards the 
tabularia rather than being vertical as in M. cortisjonesi. The tabularia in the 
present species are smaller (reaching a maximum diameter of 3:0 mm) and 
the gently arched tabellae contrast strongly with the vortical arrangement of 
these elements in MW. cortisjonesi. 


A B 


Fig. 5. Favosites allani Jones. 4:5. (A) UNE F8727/6, transverse section ; (B) UNE 
F8732, longitudinal section. From Locality 451, Woolomin Beds. 


The diameter of the tabularia, approximately horizontal arrangement of 
the tabellae, arching of the dissepimental layers between tabularia and inclined 
trabeculae of the present species are characters shared with a form recently 
described from the Read Bay Formation of Pridolian age on Somerset Island 
in the Canadian Arctic (Pedder, 1976). However, M. acclive differs in having 
longer and more strongly inclined trabeculae (inclined toward the tabularia 
at 15-18° to the vertical in longitudinal sections) which, in transverse sections, 
are the most conspicuous feature of the numerous septa, unlike the Canadian 
form. 

Order TABULATA Milne-Edwards and Haime, 1850 


Family THECIIDAE Milne-Edwards and Haime, 1849, emend. Sokolov, 1950 
Genus LACERIPORA Hichwald, 1854 


Type Species (by monotypy). Laceripora cribrosa EKichwald, 1854: 86; 1855: 
3, Plate xxvi, figs 17a-d; and 1860: 490. From the Ludlovian of Estonian 
SSR, Saaremaa Island. 

Diagnosis. Mural pores very numerous, septa laminar, not more than Six ; 
tabulae on same level in contiguous corallites throughout corallum (Hill and 
Stumm, 1956). . 
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Laceripora dactylioides sp. nov. 
(Plate IV, a-d: Fig. 6) 
Name Derivation. Greek daktylos finger ; -oides=having the form of. Refer- 
ring to the morphology of each corallum. 
Material. A single block of limestone from Locality 451, Woolomin Beds, 
contained numerous coralla. Seven thin-sections were prepared, UNE 8747-53 ; 
UNE F8751 designated holotype. 
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Fig. 6. Laceripora dactylioides sp. nov. <3. (A) UNE F8748 (paratype 2), transverse 
section ; (B) UNE F8751 (holotype), oblique section ; (C) UNE F8748 (paratype 2), longitudinal 
section. From Locality 451, Woolomin Beds. 


Diagnosis. Corallum cylindrical, corallites slender, curving upwards and 
outwards from the axis to the surface of the corallum ; six septa which, near 
the surface of the corallum, become markedly thickened to produce typically 
stellate appearance of corallites in transverse section. Tabulae thin, straight. 
Description. Corallum cylindrical, typically curved, up to 3:0 em high and 
1-0 cm in width ; usually broader at the base and narrowing towards the apex. 
Corallites in central region long, slender, parallel ; distally corallites curve through 
60—80° from the axis to open at right-angles to the corallum surface. Corallites 
in axial regions polygonal, varying in diameter between 0-2 and 0:6 mm with 
a maximum of six short, thin septa. Corallites narrow in axial region but as 
they curve away from axis they increase rapidly in diameter to as much as 
0-8 mm, branching to produce usually two, but as many as four, new corallites. 
Tabulae straight and thin, irregularly spaced at intervals varying between 
0-3 and 0:6 mm; tabulae in adjacent corallites often on same level. Corallite 
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walls in axial region show occasional mural pores; as corallites curve away 
from axis and approach surface of corallum the walls and septa abruptly thicken 
(up to 0-3 mm) and in transverse appearance the corallites have a stellate outline. 


Remarks. This species is characterized by the fairly consistent development 
of septa in axial regions, apparent scarcity of mural pores and development 
of a definite zone of thickening at the corallum surface. Oekentorp (1970: 
161) emphasizes the branching of coralla belonging to this genus. but those of 
LI. dactylioides appear as single, cylindrical colonies. Presence of septa in the 
unthickened axial region is a point of difference from Oekentorp’s diagnosis 
of the genus; Dr J. Jell (personal communication) informs me that species of the 
genus from Gotland also show up to six septa in corallites of the axial region. 


Family HELIOLITIDAE Lindstrom, 1876 
Subfamily PLASMOPORINAE Wentzel, 1895 
Genus PLASMOPORELLA Kiaer, 1897 


Type Species (by monotypy). Plasmoporella convexotabulata forma typica 
Kiaer, 1899 : 35; Plate V, figs, 9-11. From Etage 5 of Kiaer, Gasteropodkalk ; 
Stravnaestangen and other localities, Norway. 


Diagnosis. Heliolitida in which the reticulum consists of globose testae ; with 
domed tabulae, complete or incomplete ; and with discrete trabeculae throughout 
the tissue (Hill, 1942: 9). 


Plasmoporella convexotabulata Kiaer, 1899 
1899 Plasmoporella convexotabulata Kiaer ; Kiaer, 1899 : 35, Plate V, figs 9-11. 
1942 Plasmoporella cf. convexotabulata Kiaer ; Hill, 1942 : 10, Plate II, fig. 9. 


Plasmoporella sp. cf. P. convexotabulata Kiaer, 1899 
(Plate IIId, e; Fig. 3) 


Material. Two transverse and one longitudinal section cut from three specimens, 
UNE F8734-—6, from Locality 451, Woolomin Beds. 


Diagnosis. Plasmoporella with moderately long septa, loose tissue and complete, 
distant, domed tabulae (Hill, 1942: 10). 


Description. Tabularia with strongly crenulate walls, ranging in diameter 
from 1-9 to 2-6 mm; distances between the centres of adjacent tabularia vary 
between 2-5 and 6-0 mm. 


Walls of tabularia range in thickness between 0-06 and 0-08 mm and have 
been partially silicified. Septa are represented by the inwardly directed crenu- 
lations of the walls, consistently numbering 12 in each tabularium. 


Tabulae may be subhorizontal or gently arched, but more commonly are 
strongly arched at their centres, becoming horizontal approaching the walls ; 
adjacent tabulae frequently anastomose. Average spacing of tabulae 10-12 
in a length of 5mm. 


The tabularia are set in a coenenchyme consisting of glubose dissepiments 
of variable form : those of narrow width (0-25 mm) are stroigly arched, while 
others ranging up to 1-3 mm wide are flattened. 


Remarks. This species is readily distinguished by its large and widely spaced 
tabularia with strongly crenulated walls lacking distinct septal spines. The 
pronounced upward arching in the centres of the tabulae is diagnostic. The 
present form differs from P. convexotabulata Kiaer in having septal apparatus 
consisting of broad undulations of the tabularial walls rather than true septa. 
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Family FAVOSITIDAE Dana, 1846 
Subfamily FAVOSITINAE Dana, 1846 
Genus FAVOSITES Lamarck, 1816 


Type Species. Favosites gothlandicus Lamarck, 1816 : 204 ; Silurian of Gotland. 
SD, Milne-Edwards and Haime, 1850: Ix. 


Diagnosis. Corallites slender with mural pores predominantly near the middle 
of the walls ; short, spinose septa may be present. Tabulae complete. 


Favosites sp. cf. F. yassensis Jones, 1937 
(Plate IIIf, g, h; Fig. 4) 


1937 Favosites yassensis Jones ; Jones, 1937: 92, Plate XIII, figs 2, 3. 
Type Material. From the Barandella Shales, Hatton’s Corner, Yass, N.S.W. 
Upper Silurian. University of Queensland collections. 


Material. Three specimens, UNE F8725-6, UNE 8733, from which five 
transverse and four longitudinal sections were cut. Locality 451, Woolomin 
Beds. 


Diagnosis. Polygonal corallites averaging 1-6mm in diameter with walls 
periodically thickened ; septal spines most prominent in zones of thickening, 
where tabulae are crowded. Tabulae horizontal, usually 17 in a length of 5mm, 
bearing tiny trabeculae on upper surfaces. Walls with a thin axial plane and 
perforated by two vertical rows of round mural pores near the centre of the 
faces. 


Description. Corallites four to seven sided, usually hexagonal, of subequal 
diameters, averaging 1:6 mm but reaching 2-1 mm. Septal spines prominent, 
thorn-shaped, usually projecting upward, reaching 0-1 mm in length but usually 
0-08 mm ; as many as 16 in some corallites, but more usually 10 in a cycle. 


Wall thickness variable, from 0-06 up to 0-2 mm in narrow zones where 
walls are thickened ; usually at the same level in adjacent corallites. A thin, 
clear axial plane is usually seen. Mural pores arranged in two vertical rows 
in which pores are 0-25 mm apart, alternate or opposite ; circular, 0-15-0-2 mm 
in diameter. 

Tabulae usually horizontal, occasionally gently concave or arched, fre- 
quently suspended from septal spines. Spacing of tabulae ranges between 
17 and 22 in a length of 5 mm and is variable because of zones of crowding which 
correspond with the zones of wall thickening. In these zones the spacing of 
adjacent tabulae may be as close as 0-07 mm and tabulae are typically thickened. 
Tiny, pointed trabeculae, 0:04-0:09 mm high, project upwards from surface of 
tabulae, most commonly in the zones of crowding. 

In longitudinal sections occasional zones are noted where the tabulae 

become incomplete, arched and inclined, forming a series in which tabulae 
rest on the upper surface of tabulae below. 
Remarks. The present material differs from the type material in having larger 
corallites (up to 2-1 mm diameter) and pores arranged only in two rows down 
each corallite face. In thin sections cut from the type material examined by 
the writer, definite zones of crowding of the tabulae were seen, with the appearance 
of tiny, dark granules on the surface of some tabulae of similar appearance to 
the trabeculae described in the present material. 


Favosites allani Jones, 1937 
(Plate IIH, j, ; Fig. 5) 


1937 Favosites allani Jones ; Jones, 1937 ; 90, 91, Plate XII, figs 4, 5. 
1940 Favosites allani Jones ; Hill and Jones, 1940 : 189-190, Plate V, figs la, b. 
1962 Favosites allani Jones ; Philip, 1962 : 147-148 ; Plate XII, figs 5, 6. 
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Type Material. From Derrengullen Creek, Yass, N.S.W. Upper Silurian. 
University of Queensland collections. 


Material. Ten specimens, UNE F8721-4 and UNE F8727-32, from which 
eight transverse and nine longitudinal sections were cut. Locality 451, Woolomin 
Beds. 
Diagnosis. Corallites slender, 0-9-1-6 mm in diameter, polygonal, with mural 
pores occurring in one or two vertical rows down each corallite face. Septal 
spines short, prominent in areas of corallum showing thickening of walls ; 
as many as 12 in one cycle. Tabulae generally horizontal, 16-23 in a length 
of 5 mm. 
Description. Corallum massive, consisting of parallel corallites, with five to 
seven sides, usually six, ranging in diameter from 0-9 to 1-6mm; corallite 
diameters fairly constant in one corallum. Walls vary considerably in thick- 
ness within a single corallum (0-06—0-12 mm) and a clear central line is sometimes 
visible. Mural pores, 0:15 to 0:2 mm in diameter, occur in one, or more usually 
two, rows down each corallite face. 

Septal spines best developed in those zones with thickened walls ; as many 
as 12 in one cycle, blunt, up to 0-12 mm long and extending up to one quarter 
the distance to the axis ; one or two cycles between adjacent tabulae. 


Tabulae horizontal or gently sagging, 16—23 in a length of 5 mm, evenly 
spaced, except for rare zones of crowding which are continuous through adjacent 
corallites. 


Remarks. The present material agrees closely in general form and dimensions 
with the type material as described by Jones (1937). Notable thickening of 
the walls in parts of the corallum of this species had been noted previously by 
Hill and Jones (1940). The spines in the present material are shorter than those 
of the type material; some of the present specimens are completely lacking 
in spines, apparently due to recrystallization. 


Family HALYSITIDAE Edwards and Haime, 1850 
Subfamily HALYSITINAE Edwards and Haime, 1850 
Genus ACANTHOHALYSITES Hamada, 1957 
Type Species. Halysites australis Etheridge, 1898: 78; Plate XVII. SD, 
Hamada, 1957 : 404. 


Diagnosis. Halysitinae with septal spines in macrocorallites (Hamada, 1957 : 
404). 

Acanthohalysites pycnoblastoides (Etheridge, 1904) 

(Plate IVe, f; Fig. 7) 

1904 Halysites pycnoblastoides Etheridge; Etheridge, 1904: 32; Plate IV, 
figs 1,2; Plate VIII, figs 5, 6. 
1955 Halysites pycnoblastoides Etheridge ; Buehler, 1955 : 54. 
1957 Acanthohalysites pycnoblastoides (Etheridge) ; Hamada, 1957 : 404. 


Type material. The Australian Museum collection, from Bed c, Spring Creek, 
Portion 221, Ph. Barton, Co. Ashburnam, N.S.W. Holotype, Australian Museum 
F. 7616. 

Material. Two specimens, UNE F11659 and UNE F11660 from which three 
transverse and three longitudinal sections were cut ; from Locality 451, Woolomin 
Beds. 

Diagnosis. Corallum of compact lacunae; dimorphic ranks consist of one or 
two large, oval macrocorallites with rectangular microcorallites occupying 
constrictions in the walls. Macrocorallites containing spines and with closely 
spaced tabulae. 
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Fig. 7. Acanthohalysites pycnoblastoides (Etheridge). <5, (A) UNE F11659/1, transverse 
section ; (B) UNE F11659/2, longitudinal section. From Locality 451, Woolomin Beds. 


Description. Lacunae compact, polygonal (sizes 3-7«4:5mm, 6:7 8-5 mm) 
or occasionally elongated (6-1x3-2 mm); ranks usually contain one or two 
macrocorallites, occasionally as many as four. 

Macrocorallites range in cross-sectional form from oval (1-6 «1-0 mm) 
to rounded (1-1 1-0 mm) ; chambers round to oval, with small, sharply pointed 
spines in vertical rows, usually two between adjacent tabulae. Walls 0-1 to 
0-18 mm thick, strongly convex, ratio of widths at end of macrocorallite and 
at midlength respectively being 3: 5, producing corrugated margins around 
lacunae. 

Microcorallites occupy constrictions between macrocorallites, rectangular 
in cross-section, elongated transverse to ranks, averaging 0°5<0-2mm in 
size. Mesocorallites, 0-6 to 0-9mm in diameter, present at the junction of 
ranks, variable in form from triangular and hexagonal to irregular. Tabulae 
in macrocorallites horizontal or sagging axially, evenly spaced, 15 or 16 in a 
length of 5mm; tabulae in narrow microcorallites of similar spacing but often 
obscured. 
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Remarks. The present specimens agree very closely in general form and dimen- 
sions with the holotype as described by Etheridge (1904: 32), differing only 
in having the tabulae of the macrocorallites more closely spaced. Smith (1965 : 
250) records A. ef. pycnoblastoides from the Rosyth Limestone ‘“‘ Member ”’ of 
the Panuara ‘‘ Formation” ; Hamada (1958: 105) describes A. pycnoblastoides 
yabei from the Middle Gotlandian of Central China as a subspecies of the Australian 
species. 


Genus HALYSITES Fischer von Waldheim, 1815 


Type Species (by monotypy). TLubipora catenularia Linnaeus ; Linnaeus, 1767 : 
1270. 


Neotype. Halysites catenularis (Linnaeus) Specimen no. 1 in Bromell collection 
in Palaeontologiska Institution, Uppsala, Sweden, described and figured by 
Bromell, 1728: 411, no 5; fig. Il on plate opposite 410 (chosen by Thomas and 
Smith, 1954). 


Diagnosis. Halysitidae with microcorallites with complete tabulae and the 
absence of septal spines. 


Fig. 8. Halysites lithostrotonoides Etheridge. x4. (A) UNE F11655/2, transverse section ; 
(B) UNE F11655/3, longitudinal section. From Locality 841, lens 0, Woolomin Beds. 


Halysites lithostrotonoides Etheridge, 1904 
(Plate IVg, h; Fig. 8) 
1904 Halysites lithostrotonoides Etheridge ; Etheridge, 1904: 23; Plate I, fig. 1; 
Plate IV, Figs 1,2; Plate IX, Fig. 4. 
1920 Halysites lithostrotonoides Etheridge ; Chapman, 1920 : 187. 
1957 Halysites lithostrotonoides Etheridge ; Hamada, 1957 : 402. 
1961 Halysites lithostrotonoides Etheridge ; Strusz, 1961: 354; Plate XLIV, figs 
859: 


Type Material. Australian Museum, F 77621, —23, -24; from Beds a and e, 
Spring Creek, Portions 98, 221 and 222, Ph. Barton, Co. Ashburnam, N.S.W. 
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Material. Five specimens, from which five transverse and four longitudinal 
sections were cut. UNE F11655-6 from lens 0, Locality 841; UNE F8744-6 
from Locality 451; Woolomin Beds. 

Diagnosis. Lacunae uniform, hexagonal, with smooth outlines. Ranks of 
one or two macrocorallites, with microcorallites elongated transverse to rank 
so that walls are not constricted. Tabulae horizontal and widely spaced. 
Description. Lacunae typically hexagonal, compact, regular in size (4-4 x 
1-‘9mm; 3:0x2:-0mm; 4:0X2:5mm; 2:2x2:2mm), formed by ranks 
consisting of a single macrocorallite, rarely two, and in one case six. Where 
ranks consist of two or more macrocorallites lacunae become elongated 
(6:3 x2-0 mm). \ 

Macrocorallites elongated, chambers with flat ends and only slight convexity 
of walls, so that ratio of width of corallite at the ends and midlength respectively 
is 5: 63 size of macrocorallites ranges from 1-0-1-2x0-6-0:8mm. Septal 
spines absent. Microcorallites only present where rank contains more than a 
single macrocorallite ; rectangular in cross-section (0:50:15 mm) with the 
longer diameter transverse to the length of the rank. Common walls with 
adjacent macrocorallites almost straight, thin. Mesocorallites hexagonal in 
cross-section ; 0:6—0-7 mm in diameter; common walls with adjacent macro- 
corallites thin, convex towards mesocorallites, producing characteristic shape. 


Tabulae thin, complete, horizontal or gently sagging axially and evenly 
spaced with 10 to 12 in a length of 5 mm; tabulae in microcorallites twice as 
closely spaced. 


Two layers apparent in wall structure: a thin (0-05 mm wide) dark holo- 
theca surrounds all parts of the ranks and within this is a clear peripheral stereo- 
zone, 0-1 mm thick, and also forming thin walls between macrocorallites and 
adjacent microcorallites or mesocorallites. 


Remarks. The characteristic appearance of the elongate, smooth walled macro- 
corallites arranged in short ranks surrounding compact and regular lacunae 
easily distinguishes this species, named by Etheridge because of this appearance 
‘“reminding one of a roughly-laid tesselated pavement’ (1904: 23). Because 
the macrocorallites do not have markedly convex walls, and the walls are not 
constricted at the positions of the microcorallites, the sides of the lacunae are 
smooth and almost straight. In some specimens slight corrugation of the walls 
occurs because of a small increase in the convexity of the macrocorallite walls. 
Strusz (1961: 355) refers to a similar condition in a specimen from the Upper 
Ordovician or Lower Silurian of the Wellington district, N.S.W. Some of the 
present material contains macrocorallites which are larger but not so elongated 
as those of the holotype, and the ranks usually consist of only a single macro- 
corallite ; Etheridge (1904 : 24) notes similar variations. 


Halysites corrugatus sp. nov. 
(Plate IVi, j; Fig. 9) 


Name Derivation. Latin corrugatus=wrinkled. A reference to the outline of 
the lacunae. 

Material. Specimens UNE F11629-38 (holotype UNE F11638), from which 
two transverse and six longitudinal sections were cut; Locality 841, lens 0, 
Woolomin Beds. 

Diagnosis. Large rounded or oval macrocorallites, up to 2-7 mm across, usually 
one or two per rank ; septal spines absent. Small microcorallites occupy strongly 
re-entrant positions between macrocorallites. Lacunae compact with strongly 
corrugated margins. 
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Description. Lacunae compact, irregular in outline varying from triangular, 
Square or rounded to elongated, with corrugated margins due to convex 
walls of macrocorallites. Size of lacunae 3-0 2-0 


<2 mm, 5:5x4:0 mm, 
7-0 2-0 mm, formed by ranks of one to four. macrocorallites. 


Macrocorallites oval to rounded in cross-section, averaging 2-7 x1-9 mm; 
chambers with rounded ends ; septal spines absent. Walls strongly constricted 


at positions of microcorallites giving a ratio of diameters at the ends and 
midlength respectively of 5: 9. 


Microcorallites square or rectangular with 


longer axis transverse to length of rank and averaging 0-5 mm. Mesocorallites 
at junctions of ranks typically rounded, 0-8 mm in diameter, but often elongated. 


Ranks frequently joined at the midlength of a macrocorallite, when the normal 
mesocorallite is replaced by a microcorallite. 
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Fig. 9. Halysites corrugatus sp. nov. x3. (A) UNE [116338/1 (holotype), transverse 
section; (B) UNE F11638/5 (holotype), longitudinal section. From Locality 841, lens 0, 
Woolomin Beds. 


Walls 0-3 mm thick, with a thin (0-1-0-15 mm), dark holotheca usually 
present but often not sharply distinguished from the inner layer of lighter coloured 
peripheral stereozone. Common walls between macrocorallites and adjacent 


microcorallites or mesocorallites 0-2—0-3 mm thick, usually curved and distinct 
from the layer of stereozone, having the appearance of balken. 


Tabulae thin, straight, horizontal and complete, very evenly spaced at 
12 to 14 in a length of 5mm; tabulae in microcorallites similar in appearance 


but a little more closely spaced. In longitudinal sections microcorallites are 


often filled with crystalline calcite which obscures walls and tabulae. 
Remarks. 


This species is distinguished by its large, round or oval macrocorallites 
and small microcorallites producing strongly corrugated walls bounding compact 
lacunae of variable cross-sectional form. Although microcorallites are always 


clearly seen in transverse sections, they frequently seem to be absent in longi- 
tudinal sections due to an infilling of recrystallized calcite. 
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Halysites cratus Etheridge, 1904 
(Plate IVk, 1; Fig. 10) 
1904 Halysites cratus Etheridge; Etheridge, 1904: 27-29; PlatelI, fig. 1; 
Plate IV, figs 3, 4; Plate VI, figs 5, 6. 

1925 Halysites cf. cratus Etheridge ; Grabau, 1925: 77. 

1955 Halysites cratus Etheridge ; Buehler, 1955 : 53-54. 

1958 Halysites cratus Etheridge ; Hamada, 1958 : 101-102 ; Plate X, figs 5, 6a, 6b. 
Type Material. Supposedly in the Mining and Geological Museum collection, 
Sydney ; from Ph. Copper Hill and Ph. Gamboola, Co. Wellington, N.S.W. 


Material. Two transverse and two longitudinal sections (UNE F8740-3) cut 
from material no longer extant ; Locality 451, Woolomin Beds. 


A B 


Fig. 10. Halysites cratus Etheridge. 5. (A) UNE F8740, transverse section ; (B) UNE 
F8742, longitudinal section. From Locality 451, Woolomin Beds. 


Diagnosis. Elongated lacunae bounded by ranks of two to five large, rounded 
macrocorallites, with strongly convex walls and small, rectangular microcorallites 
occupying marked constrictions between the macrocorallites. 


Description. Lacunae compact, of variable form in cross-section: polygonal, 
slightly elongated, occasionally curved. Ranks composed of two to five macro- 
corallites forming lacunae with smoothly corrugated margins and ranging in 
size from 8-2 x1-9 mm to 6:53:38 mm. 


Macrocorallites oval to rounded, averaging 1-:2x1-1mm in size, with 
smooth, strongly convex walls; chambers circular and lacking spines. The 
walls range in thickness between 0-15 and 0-25 mm with a thin, dark holotheca 
visible. The stereozone is composed of pale calcite, while the walls between 
macrocorallites and adjacent microcorallites or mesocorallites appear as short, 
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straight segments of almost clear calcite embedded in the stereozone and having 
the appearance of balken. Small, rectangular microcorallites, averaging 
0-2-0-3x0-4 mm in size and elongated transverse to the ranks, form marked 
constrictions between macrocorallites. Mesocorallites, ranging from triangular 
to hexagonal in cross-section and 0-6 mm in diameter, are situated at the 
junctions of ranks. 

Tabulae in macrocorallites horizontal or gently depressed axially, evenly 
spaced at 14 to 16 in a length of 5mm; tabulae in microcorallites more closely 
spaced, about 20 in a length of 5 mm. 
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Fig. 11. Halysites strongyloides sp. nov. <3. (A) UNE F11661/1 (holotype), transverse 
section; (B) UNE F11661/4 (holotype), longitudinal section. From Locality 451, Woolomin 
Beds. 


Remarks. Etheridge, in his original description, emphasized the large size 
and rounded outline of the macrocorallites, the marked constrictions in the 
walls occupied by microcorallites and the long outline of many of the lacunae. 


The present material closely resembles that described by Etheridge in 
appearance of the three types of corallites and the highly corrugated walls. 
However, the macrocorallites of the present species are smaller and the lacunae 
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generally more compact and regular. It must be noted that Etheridge’s figures 
of the holotype (1904 ; Plate IV, figs 3, 4) show wide variation in the shape of 
the lacunae, ranging from linear to polygonal. 


Halysites strongyloides sp. nov. 
(Plate Va, b; Fig. 11) 


Name Derivation. Greek strongylos =round ; —oides =in the form of. A reference 
to the cross-sectional form of the macrocorallites. 

Material. Two fragments of coralla, UNE F11661-2, the former designated 
holotype ; two transverse and two longitudinal sections were cut. From Locality 
451, Woolomin Beds. 

Diagnosis. Lacunae elongate, narrow, with ranks of large circular macro- 
corallites with narrow slit-like microcorallites ; mesocorallites at junctions of 
ranks triangular in cross-section. Tabulae evenly spaced, horizontal, 11 to 14 
in a length of 5 mm. 


Description. Lacunae long and narrow, e.g. 16-03:0mm, 22-:5x3-5 mm, 
10-3 x 7:2 mm; linear or curved in outline. 


Ranks consist of two to five, usually three, large oval to rounded macro- 
corallites. Long diameter of macrocorallites ranges from 2:2 to 2-6 mm; 
short diameter from 2-2 to 2-3 mm. Chambers rounded, walls strongly convex, 
between 0:15 and 0:25 mm thick; imner surface of stereozone occasionally 
forms broad, rounded protrusions. Narrow, slit-like microcorallites, averaging 
0-3 x 0-6-0-8 mm in size occupy marked constrictions between macrocorallites ; 
in longitudinal sections these narrow chambers often obscured for the greater 
part of their length by recrystallization. Mesocorallites, 0-7-0:-8mm in 
diameter and triangular in cross-sectional form, present at the junctions of 
ranks although often obscured by recrystallization. 


Tabulae in macrocorallites very evenly spaced and slightly thickened, hori- 
zontal, with 11 to 14 in a length of 5 mm; tabulae in the microcorallites twice 
as closely spaced. 


Remarks. This species bears a superficial resemblance to H. cratus Etheridge 
in the form of the three types of corallites, strongly corrugated walls and general 
outline of the lacunae, but its overall dimensions are almost twice those of H. 
cratus. The protrusions of the stereozone into the chambers of the macro- 
corallites vary from broad, uneven undulations to occasional blunt, rounded 
ridges and are not interpreted as representing any form of septal apparatus. 


Halysites bellulus Hamada, 1958 
(Plate Ve, d; Fig. 12) 


1958 Halysites bellulus Hamada; Hamada, 1958: 103-4; Plate X, figs 2-4. 
Type Material. From the limestone of G, at Gion-yama (loc. 11), southwest 
Japan : holotype PCa 7276. 


Material. Three specimens, UNE F11730-2, from which one transverse and 
two longitudinal sections were cut; from Locality 451, Woolomin Beds. 


Diagnosis. Warge, irregular lacunae ranging from compact to meandering. 
Macrocorallites oval, with elongated microcorallites occupying re-entrant 
positions between them. Triangular mesocorallites at the junctions of ranks. 
Tabulae evenly spaced, horizontal, 14 to 16 in a length of 5 mm. 


Description. Uacunae of variable form in cross-section, ranging from polygonal 
to irregular, meandering forms; large e.g., 9:5x2-5mm, 6:0X3-5mm, 
7-0x2-0 mm; ranks consist of two to seven macrocorallites. 


PROCEEDINGS OF THE LINNEAN Society or NEw SoutH WALES, Vou. 102, Part 3 


R. L. HALL 103 


Macrocorallites beautifully oval, averaging between 0-8 and 1-2 mm in 
length and from 0-5 to 0:-6mm maximum width. Walls of even thickness, 
averaging 0-08-0:1 mm; septal spines absent. Microcorallites always present, 
elongated transverse to the ranks, averaging 0-30-15 mm in size. Meso- 
corallites at the junctions of ranks triangular in cross-section, 0-2 mm wide. 

Tabulae in macrocorallites thin, horizontal and evenly spaced, there being 
14 to 16 in a length of 5 mm; those in the microcorallites slightly more closely 
spaced. 


A B 


Fig. 12. Halysites bellulus Hamada. 8. (A) UNE F11730/1, transverse section; (B) 
UNE F11730/3, longitudinal section. From Locality 451, Woolomin, Beds. 


Remarks. The present material fairly closely resembles that described by 
Hamada in the form of the three types of corallites, particularly the slender, 
oval macrocorallites, which Hamada emphasizes as characteristic for this species. 
In the present material the lacunae are a little larger than in the holotype, with 
higher numbers of macrocorallites in each rank, and with slightly more closely 
spaced tabulae. 
Halysites stellatus sp. nov. 
(Plate Ve, f; Fig. 13) 

Name Derivation. Latin stellatus=starry. A reference to the outline of the 
lacunae. 


Material. Two pieces, UNE F11733, from which one transverse and one longi- 
tudinal section were cut. From Locality 451, Woolomin Beds. 


Diagnosis. Compact lacunae of even size with corrugated margins, formed 
by ranks of a single, rarely two or three, oval macrocorallites ; small micro- 
corallites elongated transverse to rank present between macrocoraliites ; 
triangular mesocorallites at junction of ranks. Tabulae in macrocorallites 
gently arched and closely spaced. 
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Description. Lacunae compact and of even size, 2-5x1-2 mm, 2:0x1-7 mm, 
1-5<1-1mm; usually one macrocorallite per rank, with strongly curved walls 
giving lacunae highly corrugated outlines ; rarely two or three macrocorallites 
in a rank where lacunae become elongated, being up to 3-5 mm in length. 

Macrocorallites average 1-0x1-7mm, with thin (0:08-0-1 mm) walls, 
which are strongly curved, giving macrocorallites an oval form in cross-section. 
Septal spines absent. Microcorallites small, their greater length being 0-1- 
0-15 mm and transverse to the rank. Mesocorallites at the junctions of ranks 
triangular in cross-section, 0:3 mm across ; some of irregular form and elongated, 
being up to 0-5 mm long. 
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Fig. 13. Halysites steliatus sp. nov. 3:5. (A) UNE F11733/1 (holotype), transverse 
section; (B) UNE F11733/2 (holotype), longitudinal section. From Locality 451, Woolomin 
Beds. 


Tabulae in macrocorallites thin, slightly arched upwards, regularly spaced, 
there being 14 to 18 in a length of 5mm; those in mesocorallites horizontal 
and more closely spaced, with 20 in a length of 5 mm. 


Remarks. This species is distinct from most other members of the genus because 
of the predominance of ranks containing only a single macrocorallite, giving 
the corallum an appearance similar to Densoporites, but the lacunae are much 
larger than individual macrocorallites and ranks: containing two macrocorallites 
are relatively common. 


Genus DENSOPORITES Hamada, 1957 


Type Species. Halysites compactus Rominger ; Rominger, 1876: 78-79; Plate 
XXIX, fig.3; OD, Hamada, 1957: 405. 


Diagnosis. “* Favosites-like massive corallum with trigonal or tetragonal inter- 
spaces smaller than macrocorallites ; mesocorallites are present’? (Hamada, 
1957 : 404). 
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Densoporites acanthodes sp. nov. 
(Plate Vh,i; Fig. 14) 
Name Derivation. Greek akanthodes=thorny. A reference to the appearance 
of the septal spines. 
Material. A single specimen, UNE F11663 (holotype), from which were cut 
three transverse and two longitudinal sections ; from Locality 451, Woolomin 
Beds. 


Diagnosis. Ranks of single corallites forming compact lacunae with corrugated 
margins ; macrocorallites eye-shaped and containing long spines. Meso- 
corallites of irregular form present at junctions of ranks. 

Description. Kanks consist of a single macrocorallite, resulting in regular, 
compact lacunae only a little larger than the macrocorallites ; sizes 1-:9x0-8 
mm; 0-6x0-:-9mm; 1:7x0°8 mm; outlines scalloped because of strong 
convexity of macrocorallite walls. 


/ 
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Fig. 14. Densoporites acanthodes sp. nov. 5. (A) UNE F11663/1 (holotype), transverse 
section; (B) UNE F11663/2 (holotype), longitudinal section. From Locality 451, Woolomin 
Beds. 


Macrocorallites small, averaging 0-7 0-5 mm, oval to elongated in cross- 
section ; chambers with rounded ends. Walls variably thickened, up to 0-17 mm, 
but usually 0-1 mm thick. Septal spines common, up to 8 counted in each 
corallite ; long, often extending almost to the axis, and thorn-like, having narrow 
bases. Tabulae in macrocorallites unevenly spaced, averaging 20 to 25 in a 
length of 5 mm ; usually complete, horizontal ; may be gently arched or depressed, 
occasionally incomplete. 


Mesocorallites present at the junction of three or four macrocorallities ; 
of extremely variable and irregular shape, depending on the number of macro- 
corallites at the junction, but always forming a marked constriction, averaging 
0-2 mm, rarely 0-3 mm, in width. 

Remarks. The single corallite per rank, small lacunae and abundant spines 
make this a distinctive species. One instance only of a rank containing two 
macrocorallites was seen, with a small, square microcorallite between them ,; 
one case of a rank joining at the midlength position of another macrocorallite 
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was also seen, with no intervening mesocorallite present. ‘The present species 
differs from D. brevicatenatus (Hill) in having smaller and more elongated macro- 
corallites, more prominent spines and lacunae which are slightly larger that the 
macrocorallites. 
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EXPLANATION OF PLATES 


T.S. and L.S. are abbreviations used throughout for transverse and longitudinal sections 
respectively. 
PLATE LIT 


Figs a-c. Mazaphyllum acclive sp. nov. (a) UNE F8755 (holotype), T.S., x 4, showing general 
form of septa in several adjacent corallites ; (6) UNE F8756 (holotype), L.S., x 4, showing tabellae, 
inclined trabeculae and arched layers of dissepiments between tabularia ; (c) UNE F8755, T. S., 
x10, part of fig. (a) enlarged to show individual trabeculae in septa. All from Locality 451, 
Woolomin Beds. 

Figs d-e. Plasmoporella sp. cf. P. convexotabulata Kiaer. (d) UNE F8736, T.S., x4; 
(e) UNE F8734, L.S., x8, showing arched tabulae and arched dissepiments in coenenchyme. 
Both from Locality 451, Woolomin Beds. 

Figs f-h. Favosites sp. ef. Ff. yassensis Jones. (f) UNE F8726/1, T.S., x4, showing zones 
with thickened walls, and pores ; (g) UNE F8733/2, L.S., x 4, showing rows of mural pores, zones 
with thickened walls and tiny projections on upper surface of tabulae ; ; (hk) UNE F8733/2, L.8., 
x10, an enlargement of part of fig. (g) to show details of projections on tabulae. Both from 
Locality 451, Woolomin Beds. 

Figs i-j. Favosites allani Jones. (i) UNE F8727/6, T.S., x 12, showing septal spines and 
general form of corallites ; (j) UNE F8727/1, x12. Both from “Locality 451, Woolomin Beds. 
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PLATE LV 

Figs a-d. Laceripora dactylioides sp. nov. (a) UNE 8748 (parratype 2), T.S., x 5, showing 
axial part of colony with thin walls and well developed septa and thickened peripheral zone of 
colony ; (b) UNE E8751 (holotype), tangential section, 3, showing general features of colony ; 
(c) UNE F8749, x 3; (d) UNE F8748 (paratype 2), L.8., x 5, showing tabulae and rapid branching 
of corallites. All from Locality 451, Woolomin Beds. 

Figs e—f. Acanthohalysites pycnoblastoides (Ktheridge). (e) UNE F11660/2, T.S., x4, 
showing general form of corallum with some faint septal spines; (f) UNE F11659/2, L.S., x 4, 
All from Locality 451, Woolomin Beds. 

Figs g-h. Halysites lithostrotonoides Etheridge. (g) UNE F11655/2, T.S., x3, showing 
general form of corallum with smooth-sided lacunae ; (h) UNE F11655/1, L.S., «6. Both from 
Locality 451, Woolomin Beds. 

Figs 7-7. Halysites corrugatus sp. nov. (7) UNE F11638/1 (holotype), T.S., x2; (7) UNE 
F11638/7 (holotype), L.S., x4. Both from Locality 841, lens 0, Woolomin Beds. 

Figs k-l. Halysites cratus Etheridge. (k) UNE F8741, T.S., x4, showing general form of 
corallum. Note walls between macrocorallites and mesocorallites in top right hand corner 
having the appearance of balken ; (1) UNE F8742, L.8., x4. Both from Locality 451, Woolomin 
Beds. 


PLATE V 

Figs a—b. Halysites strongyloides sp. nov. (a) UNE F11661/1 (holotype), T.S., x 2, showing 
large round macrocorallites and _ slit-like microcorallites ; (b) UNE F11661/4 (holotype), L.S., 
x4. Both from Locality 451, Woolomin Beds. 

Figs c-d. Halysites bellulus Hamada. (c) UNE F11730/1, T.S., «4, showing large lacunae 
with long chains of slender, oval macrocorallites ; (d) UNE F11730/3, L.S., «10. Both from 
Locality 451, Woolomin Beds. 

Figs e-/. Halysites stellatus sp. nov. (e) UNE F11733/1 (holotype), T.S., «4, showing 
short chains of corallites producing characteristic outline of lacunae ; (f) UNE F11733/2 (holo- 
type), L.S., x4. Both from Locality 451, Woolomin Beds. 

Figs g-i. Densoporites acanthodes sp. nov. (g) UNE F11663/4 (holotype), L.S., x10; 
(hk) UNE F11663/2 (holotype), T.S., x 12, an enlargement of part of fig. (7) to show septal spines ; 
(¢) UNE F11663/2 (holotype), T.S., x4, showing general form of corallum. All from Locality 
451. Woolomin Beds. 
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LLANDOVERY AND WENLOCK STRATIGRAPHY OF THE PANUARA 
AREA, CENTRAL NEW SOUTH WALES 


C. J. JENKINS* 


[Accepted for publication 20th July, 1977] 


Synopsis 

Stratigraphy of the Silurian ‘‘ Panuara Formation ”’ is described from outcrops in its type 
area, just west of Panuara, near Orange, N.S.W. This “‘ formation” includes three successive 
phases of deposition, each separated by disconformities—the newly named Cadia and Waugoola 
Groups and the revised Panuara Group, which now includes the Wallace Shale Formation. 
Disconformity surfaces are identified lithologically and biostratigraphically. Graptolite assem- 
blages of the triangulatus, magnus, argenteus, crispus, greistoniensis, crenulata, centrifugus, 
lundgrent and ludensis Zones are listed. The Ordovician strata immediately underlying contain 
assemblages of the linearis, complanatus and anceps Zones. Angullong Tuff volcanism began 
close to the linearis-complanatus zone boundary. 


Most lithologies are noticeably diachronous and basal limestones are common above 
disconformity surfaces. Several new formations and members are described and related to the 
biostratigraphy. 


INTRODUCTION 


Openly folded and faulted Silurian strata were first noted in the Panuara 
Area by Booker (1950). In an area which lies 30 km south west of Orange, 
N.S.W. (Figs 1-2), the Silurian sequence rests disconformably upon andesitic 
Angullong Tuff (Stevens, 1952) which is high Caradoc to high Ashgill in age. 
Angularly uncomformable relations exist to the overlying and largely terrestriaily 
deposited Upper Devonian Catombal Group (Connolly, 1963). During Devonian 
times the Silurian was deformed and deeply eroded so that isolated small outliers 
of the Upper Devonian are observed resting directly upon lowermost Silurian 
or even Ordovician beds. A broadly conceived ‘‘ Panuara Formation”? was 
erected here by Stevens and Packham (1953) to include the entire Llandovery, 
Wenlock and Lower Ludlow sequence. Several important ‘‘ unconformities ”’ 
were recognized however and Sherwin (1971) raised the unit to group status, 
but without further study of the type area. Sedimentation in the Silurian 
occurred in three phases, separated by widespread, prolonged disconformities. 
It is proposed, according to the Australian Code of Stratigraphic Nomenclature, 
to recognize these as stratigraphic groups. Each consists of distinctive, mappable, 
areally extensive formations. The ‘‘ Panuara Group” of Sherwin (1971) is 
emended here to exclude the earlier Llandovery and Lower Wenlock phases 
of sedimentation—the Cadia and Waugoola Groups described below (Table 1). 
These disconformably underlie the thickest and most widespread portion of 
Silurian sedimentation—the upper Wenlock, Ludlow and Pridoli (emended) 
Panuara Group. The Wallace Shale, an integral, conformable and lithologically 
related portion of this phase should be included within the Panuara Group, 
contrary to the usage in Sherwin (1971). 

Since Stevens and Packham (1953), both Stevens (1954) and Warris (1964) 
have investigated the Angullong Syncline and Packham (1969) has recapitulated 
(with a few changes) the general geology and graptolite zonation. Sherrard 
(1954) has described general geology and graptolite zonation. Sherrard (1954) 
has described several graptolite species and McLean (1974a ; 1974b ; 1975 ; 1977) 
most of the rugose corals. 


* Department of Geology and Geophysics, University of Sydney, New South Wales, 2006. 
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Throughout this account the Caradoc-Ashgill boundary is treated as coin- 
cident with the linearis—complanatus zonal boundary and the base of the middle 
Llandovery is placed at the base of the triangulatus Zone. The succession of 
facies is described by reference to maps and stratigraphic columns. Graptolite 
localities are indicated by ‘‘g’’ numbers on either the maps or columns. All 
specimens of this study are housed in the Department of Geology and Geophysics, 
University of Sydney. 


aMt.Canoblas 


ig. 1. Map showmg location of the Panuara 
district, and relationship between general and detailed 
geological maps. 


AGE OF THE UNDERLYING ORDOVICIAN 


The Ordovician basement has been briefly inspected and graptolite horizons 
collected. Upper Ordovician sediments around Cliefden Caves and Panuara 
are divided lithologically into the Cliefden Caves Limestone, the Malongulli 
Formation and the Angullong Tuff (Stevens, 1952). Within the last two units 
the four uppermost Ordovician graptolite zones of D. clingani, P. linearis, D. 
complanatus and D. anceps are represented. 


Moors (1970) described graptolites from the base of the Malongulli Formation, 
and indentified the D. hians Zone of Victoria, equivalent to the British clingani 
zone. An additional collection from the same formation, but ata higher stratal level 
has revealed the occurrence of the Pleurograptus linearis Zone in black siliceous 
shales, immediately below both a limestone conglomerate and the onset of 
coarse feldspathic arenites of the Angullong Tuff. This locality, on the north- 
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TABLE 1] 
Relative stratigraphic positions of formal units 


PANUARA GROUP 
Wallace Shale 
Ulah Formation 


“Quarry CreEK Hiatus” (Packham, 1969) 


WaAUGOOLA GROUP 
Glendalcugh Formation 
Ashleigh Member 
Chaucer Red Bed Member 
Burly Jacky Sandstone Member 
Cobbler’s Creek Limestone 


‘“PANUARA Hiatus” (Packham, 1969) 


CADIA GROUP 
Cadia Coach Shale 
Avon Lea Mudstone Member 
Bagdad Formation 
Bridge Creek Limestone Member 
Wire Gully Limestone Member 


‘* COBBLER’S CrEEK Hiatus” (Packham, 1969) 
Underlying Ordovician basement 


east fank of Malongulli Hill, was kindly shown to me by Mr. I. Percival (University 
of Sydney). The locality is shown in Percival (1976: figs. 2 and 6, section 6). 
The fauna is: Climacograptus uncinatus Keble and Harris; C. aff. styloideus 
Elles and Wood ; Orthograptus amplexicaulis pauperatus (Elles and Wood) (see 
Riva, 1974); O. calcaratus cf. basilicus Elles and Wood; Dicellograptus aft. 
pumilis Lapworth ; D. aff. elegans (Carruthers); and Leptograptus flaccidus (Hall). 
C. uncinatus is an abundant and unmistakable species recorded only from the 
linearis Zone in Victoria (Keble and Harris, 1934; Harris and Thomas, 1955) 
and Nevada, U.S.A. (Carter, 1972) while the remainder of the assemblage is 
readily comparable to the linearis Zone in Britain described by Toghill (1970). 
An assemblage of C. aff. styloideus and O. amplexicaulis pauperatus, approximately 
of the same zonal level, has been found at 61 (Fig. 2) in similar black shales 
on the north side of the Belubala River. Moors (1970) described O. calcaratus 
clavensis and Dicellograptus minutus as new species from the Angullong Tuff. 
These may represent the complanatus Zone, since they lie stratigraphically 
between the linearis and anceps Zone faunas of the area. 


At a fourth locality (02, Fig. 2), just north of Koonoona, Angullong Tuff 
beds contain a diverse graptolite assemblage of the anceps Zone. Climacograptus 
supernus Elles and Wood and C. latus Elles and Wood are abundant and together 
with Dicellograptus ornatus ornatus Elles and Wood and C. normalis (Lapworth) 
indicate a fauna of the anceps Zone (Toghill, 1970; Davies 1929). Additional 
forms collected include: Amplexograptus aff. prominens Barrass; C. hastatus 
ef. americanus Ruedemann; Orthograptus sp. nov.; O. amplexicaulis socialis 
Lapworth ; and C. aff. styloideus. These horizons lie near the top of the Angullong 
Tuff but still underlie extrusive andesitic tuffs so that volcanism may have 
extended just over the Ordovician-Silurian boundary. 


These faunal horizons have each been collected within 5 km of Cliefden 
Caves and indicate that in this area the Malongulli Formation deposition above 
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the Cliefden Caves Limestone occurred throughout the clingani and linearis 
zones. Further east Smith (1966) showed that an easterly facies, lateral to 
the limestones, ranges down into the Darriwilian. Deposition of Angullong 
Tuff occurred during the complanatus and anceps zones. 


CADIA GROUP 


At its maximum duration in the Panuara district the Cadia Group ranges 
in age from about the Lower Llandovery vesiculosus Zone to the Middle Llandovery 
argenteus Zone (Fig. 3). Suecession of facies with the group indicates conditions 
mostly of transgression for the accumulation of the Bagdad Formation and 
the Cadia Coach Shale. The former unit consists of limestones and coarse 
elastics with shelly faunas, while the conformably overlying Cadia Coach Shale 
is a graptolitic facies (Figs 4, 5 and 6). Formal and informal members are 
recognized in each. Traces of regressional sandstones appear at the top of 
the Cadia Group in most sections. The clastic detritus appears to have been 
derived wholly from erosion of the underlying Angullong Tuff, since the compo- 
sition of the arenites is overwhelmingly of sodic plagioclase feldspars, pyroxene 
(largely unaltered) and lithic fragments of a volcanic origin. 
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Fig. 2. Map of the general geology of the Panuara district. 


Elements of the rugose coral faunas described by McLean (1974a ; 1974b) 
were collected from the Bridge Creek Limestone Member of the Bagdad 
Formation (Table 2). His ‘‘ Brown Mudstone Horizon” refers to the marly 
undolomitized development of the member at Trevena’s Creek (Fig. 4 and Fig. 6, 
Section B) while the Bridge Creek locality collections were made from exposures 
within or close to the type section (Figs 5 and 6, Sections D, E, F). The “‘ Brown 
Mudstone Horizon ” is now considered to be a cyphus to triangulatus Zone age 
and the Bridge Creek localities of a cyphus Zone age. 


Bagdad Formation 


The Bagdad Formation varies considerably in thickness and lithological 
facies over its extent. The type section is 104m thick at ‘‘ Trevena’s Creek ”’ 
(Fig. 6, Section B) where there is an almost complete development of its 
members—the Wire Gully Limestone Member, ‘‘ Lower Clastic Member ”’, 
Bridge Creek Limestone Member and ‘‘ Upper Clastic Member ”’, in ascending 
order. This basic sequence is not so fully developed in sections north of Angullong, 
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TABLE 2 


Rugose and halysitid coral species occurrences in the Bridge Creek Limestone 
Member 


Locality * 
Lic 2 tient ya a4 


Rueosat 


Streptelasma recisum McLean, 1974a. 
Cystiphyllum kantaikaense (Zapradskaya, 196 a 
Dentilasma rumosum .. 

Dentilasma rumosum McLean '1974b,. 

? Tryplasma sp. 55 o 6 oe 

? Tabularia sp. A dic ats 

? Tabularia sp. B 

? Lambeophyllum sp. 

? Primitophyllum sp. 

Calostylis panuaraensis McLean, 1974 
Grewingkia parva McLean, 1974a 

G. neumani McLean, 1974a 

C. siluriense cylindricum Lonsdale, 1839 
D. honorabilis Ivanoskiy, 1962 


‘al 
wR RR KM 


ital 


ww KM 


HALYSITIDAE 


Halysites priscus Klaamann, 1966 .. o6 ie Bx 

Hi. aff. priscus Klaamann eile ave ahs SCHEER 

Hi. cf. labyrinthicus Goldfuss, 1862 .. ae ae Bi 
Halysites sp. nov. 16 S:0 x x 
H. aff. amplitubata Lambe, 1906 (form A) .. Nie x 

Catenipora approximata Eichwald, 1829 Be sie x 

Eocatenipora sp. Sc o¢ ee 50 x 
Hi. cf. priscus Klaamann as ae Ais a6 x 


* Localities : 
1. Upper half of member at “ The Basin ” 
2. ““ Trevena’s Creek ”’. 
3. Bridge Creek. 
4. South of Ulah homestead. 
yj Rugose coral occurrences after McLean 1974a ; 19746. 


but at Ulah an additional unit occurs at the top—the ‘‘ Haematitic Limestone 
Member”. All members are diachronous units (Fig. 3), and their individual 
lithologies vary considerably over the area. 


Wire Gully Limestone Member 


The Wire Gully Limestone Member is a limestone, ranging from thinly 
bedded to massive, generally of a reddish colour, apparently because of the 
incorporation of haematitic silt from the underlying, weathered Angullong 
Tuff. In the type section (Section B) near ‘“ Trevena’s Creek ” the 35 m thick 
unit has a sharp upper boundary against olive sandstones and includes a sparse 
fauna of Halysites aff. priscus Klaamann, Palaeofavosites, Mesofavosites Heliolites, 
a ‘ streptelasmatid ”’ and gastropods. Complex trace-fossil burrows are found 
elsewhere along this eastern margin of the Angullong Syneline. Basal con- 
glomerates appear and thicken south of the type section. 


A distinctly different western facies of this member occurs as the lower 
of two limestones in the Bagdad Formation at ‘‘ The Basin” (Figs 4 and 6, 
Section A). One metre thick beds of grey conglomeratic limestone comprise 
most of the unit’s thickness, but in places, interbeds of calcareous sandstone 
are important. The unit incorporates basal conglomerates of reworked Angullong 
Tuff. Rudite lithologies of the limestone contain tuff pebbles also, but they 
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mostly consist of penecontemporaneously eroded, boulder to sand-sized, limestone 
detritus. The limestone beds have yielded only one specimen of Agetolites aff. 
insuetus Kim, but the uppermost calcareous sandstone beds (below an upward 
gradation into pure sandstone) contain Halysites aff. priscus, Hocatenipora aff. 
vormsiensis Klaamann and Heliolites spp. 

More typical, reddish, massive to crudely bedded limestone of the Wire 
Gully Limestone Member at Ulah (Fig. 6, Section C) overlies reddish coarse 
cross-bedded basal sandstones and thick conglomerates of reworked Angullong 
Tuff. It grades upwards directly into marly Bridge Creek Limestone Member. 
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Fig. 3. Biostratigraphic relations of the various facies based mostly upon graptolite 
occurrences. Zonally diagnostic horizons are marked with a “g”’. Lithological units are 
numbered thus : 1. and 2. Angullong Tuff shales and volcanics ; 3. Wire Gully Limestone Member ; 
4. “ lower clastic member ”’ ; 5. Bridge Creek Limestone Member ; 6. “‘ upper clastic member ”’ ; 
7. Avon Lea Mudstone Member; 8. Cadia Coach Shale Formation ; 9. ‘‘ haematitic limestone 
member ’”’?; 10. Cobbler’s Creek Limestone Formation ; 11. ‘‘ eaiguus beds”; 12. Glendalough 
Formation ; 13. Burly Jacky Sandstone Member; 14. Chaucer Redbed Member; 15. “ black 
chert horizon ”’; 16.and 17. Ashleigh Member limestone and black shale facies; 18. Ulah Formation. 


Fauna is scarce but includes ‘‘ Palaeofavosites alveolaris (Goldfuss) ”, Halysites 
aff. priscus and Mesofavosites sp. The member is not developed at all around 
Bridge Creek, where sedimentation presumably began later. 


** Lower Clastic Member ”’ 


Sandstones of the ‘‘ Lower Clastic Member’ underlie the Bridge Creek 
Limestone Member at all localities except Ulah. ‘‘ Trevena’s Creek ”’ exposures 
are finely bedded, even textured, medium grained, green feldspathic arenites, 
33 m thick, unfossiliferous and grading sharply into algal marls of the Bridge 
Creek Limestone Member. At ‘‘ The Basin” similar green sandstones contain 
Mesofavosites 3m from the top. In the vicinity of Bridge Creek (Fig. 6, Section 
D) what is apparently the same unit lies disconformably, with a basal con- 
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Fig. 4. Map of Silurian geology in the Angullong 
Syncline, showing some graptolite localities and the 


measured sections. 
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clomerate, upon deeply weathered Angullong Tuff. A Silurian age weathering- 
profile is well exposed at the junction of Wallace and Bridge Creeks. Grits, 
cross-bedded, coarse feldspathic arenites and finer, thinly bedded sandstones 
form an upward-fining sequence. The uppermost beds contain limonite nodules, 
a sparse fauna of crinoid ossicles and immature Palaeofavosites colonies in 
caleareous sandstone. 


Bridge Creek Limestone Member 


The Bridge Creek Limestone Member (Stevens and Packham, 1953), the 
only previously formally named within the ‘‘ Panuara Formation ”’, has its type 
section along Four Mile Creek (Figs 5 and 6, Section D). This relatively wide- 
spread unit appears 16 m thick here and is everywhere arhythmically interbedded 
alternation of calcareous siltstone and algal silty limestones. Individual beds 
vary in thickness from 2 cm to 10 cm and are traceable over a distance of several 
metres. The silty limestones are generally rich in disarticulated thallus segments 
of Palaeoporella (see Johnson, et al., 1959). Dolomitization of the member, 
silicification of fossils and the occurrence of large (50 cm) sized colonies of H. 
priscus and P. alveolaris is peculiar to the Avon Lea—Bridge Creek area (Figs 
2 and 5). 
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Fig. 5. Map of the Llandovery and Wenlock rocks around Bridge Creek, showing some 
graptolite localities and the measured sections. 


Exposures at Ulah (Figs 2 and 6, Section C) of rhythmically bedded silt- 
stones and marls of this member are sandwiched directly between the Wire 
Gully Limestone Member and the ‘‘ Upper Clastic Member”. Palaeoporella 
Segments are abundant in the lower beds, but the lithology grades upwards 
to a poorly bedded calcareous sandstone which is sparsely fossiliferous in eastern 
outcrops but faunally diverse in the western sections. 


Best exposures of the member occur in “‘ Trevena’s Creek ”’ (Fig. 6, Section 
B) however, where all the fossiliferous marly beds amount to about 36 m thickness. 
Disarticulated palaeoporellid segments are exceedingly abundant, but as at 
Ulah dolomite and silicification are absent and coral colonies reach only 15 em 
diameter. Poorly bedded silty limestone lenses, lacking the siltstone interbeds 
of the surrounding lithologies, are formed at two horizons in the middle of the 
member which above becomes slightly more silty and less calcareous. 
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Correlatives of Bridge Creek Limestone Member at ‘‘ The Basin ” (Fig. 6, 
Section A) differ lithologically from the eastern facies described above. The 
member begins sharply as a massive, grey, unfossiliferous and fine grained 
limestone, which after 17 m thickness is rapidly succeeded by a calcareous and 
fossiliferous feldspathic sandstone. This encloses several impure limestone 
lenses of 1-3 m thickness and tens of metres in extent. Corals are plentiful 
but Palaeoporella and rhythmie interbedding of lithologies are absent. Large 
and often folded intraclasts of laminated calcilutites are common throughout 
the unit, indicating penecontemporaneous erosion of the member. Graptolite 
fragments (none identifiable specifically) have been found with ostracods in 
one fine, tan claystone, within the bedded impure limestone sequence at g0 
(Fig. 6, Section A). 

The Bridge Creek Limestone is faunally rich at nearly every exposure, 
the dominant elements being tabulate corals, especially the genera Palaeofavosites, 
Mesofavosites, Favosites, Propora, Heliolites, Halysites and Catenipora. Species 
of rugose and halysitid corals are listed in Table 2 for various localities. Trilo- 
bites are rare, but brachiopods are often common and include two new large 
species, a Holorhynchus and a Stricklandia. This latter appears to be characteristic 
of a lower stratigraphic level than the Holorhynchus as a result of either replace- 
ment in time or ecological succession of the transgression. 


‘* Upper Clastic Member ”’ 


The ‘‘ Upper Clastic Member ”’ exhibits both a gradational base (from the 
underlying marls or limestones) and top (mostly into succeeding graptolitic 
Shales). Though mostly a medium-grained feldspathic sandstone in its typical 
development, the member is often observed with coarser lithologies. In 
‘‘ Trevena’s Creek’ two very calcareous sandstone and grit lenses are present 
while at ‘‘ The Basin ’’, a conglomerate horizon, only 0:6 m thick, defines the 
unit’s top (Figs 4 and 6). At Ulah the whole member, where exposed, is seen 
to be a coarse red grit (sometimes calcareous) or even a conglomerate, while 
at Bridge Creek the unit is wholly a sandstone. Both at Ulah and “ Trevena’s 
Creek ’’ beds of transported corals occur near the top of the member. 


“* Haematitic Limestone Member ”’ 


Stratigraphically above the ‘“‘ Upper Clastic Member” at Ulah (Fig. 6, 
Section C) and not developed elsewhere is the ‘‘ Haematitic Limestone Member ”’. 
Coral tossils Hocatenipora sp., Halysites sp. nov., Mesofavosites and the pentamerid 
brachiopod Holorhynchus sp. nov. are especially abundant near the base of 
this 7 m thick, silty limestone. The brachiopods occur in a well-bedded horizon 
only 3 m from the base in outcrops west of the Panuara Rivulet. Above these 
fossils the red limestone exhibits a vuggy outcrop surface apparently caused by 
the selective weathering of deep red siltstone intraclasts. At the eastern 
extremity of the exposures the uppermost beds are almost 60% haematite in 
composition. 


Cadia Coach Shale 


Cadia Coach Shale is best exposed at ‘‘ The Basin”’, in the Angullong 
Syncline and that 105 m thick section is here taken as the type section (Figs 
4 and 6, Section A). Many of the species and biostratigraphic events of the 
classic British graptolite successions (Sudbury, 1958 ; Toghill, 1968 ; Rickards, 
1970 ; 1976 ; Burgess et al., 1970 ; Schauer, 1971) may be recognized (Table 4) 
so that the formations may be divided both lithologically and biostratigraphically. 
The members apparently have isochronous boundaries. Lithologies of the 
formation are all feldspathic in composition and differ only in their textures 
and sedimentary structures. Four members, the ‘“‘ Lower Siltstone Member ” 
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Avon Lea Mudstone Member, ‘‘ Graded Bedded Member” and an “ Upper 
Sandstone Member ”’ are distinguished, the latter probably being a regressional 
facies. 


“* Lower Siltstone Member ”’ 


The ‘‘ Lower Siltstone Member” is a coarse-grained dark grey to green 
sparsely graptolitic and feldspathic siltstone, succeeding conformably the 
‘* Upper Clastic Member” of the Bagdad Formation. At ‘‘ The Basin” the 
two differ only in the finer texture and presence of graptolites in the siltstone, 
but a prominent thin conglomerate bed separates them. Graptolites from 
the ‘‘ Lower Siltstone Member ”’ are the ealiest Silurian forms yet known from 
N.S.W. Two main horizons have been collected in “*“‘ The Basin” (Fig. 6, 
Section A). The first (gl) is only 5m above the topmost conglomerate of the 
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Fig. 6. Stratigraphic sections of the Cadia Group. These measured sections have been 
located on the maps. Horizontal separations are not to scale. 
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Bagdad Formation and contains: Coronograptus gregarius (Lapworth); WM. 
triangulatus aff. separatus (Sudbury) ; and Monograptus sp. 1 (with th,_, rastriti- 
form, but distal thecae resembling M. communis thecae). M. triangulatus aff. 
separatus is also found higher at g2 and both these horizons are correlated with 
the triangulatus Zone, in particular with its lower portion, prior to the appearance 
of Rastrites. The ‘‘ Lower Siltstone Member” is developed near Gleeson’s 
Creek (Fig. 4) and at ‘“‘ The Basin ’’, but elsewhere was not deposited. 


Avon Lea Mudstone Member 


‘“‘ Lower Siltstone Member” is succeeded by the richly graptolitie Avon 
Lea Mudstone Member which is easily recognized by its fine texture, lack of 
well defined bedding and occasional conspicuous white sand-sized feldspar 
grains scattered through the grey mudstone rock. The mudstone contains 
graptolites and obolinid brachiopods in profusion at some levels ; it is exposed 
at ‘“‘ The Basin”, Gleeson’s Creek, and Bridge Creek with similar faunas and 
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lithologies developed in each area. The member contains the first appearences 
of Rastrites and Petalograptus at approximately the same level. At g3 in ‘‘ The 
Basin”? are found, M. triangulatus extremus (Sudbury); Rastrites spp.; Pristio- 
graptus concinnus (Lapworth) ; Monograptus sp.2 (with dorsal curvature, uniformly 
hooked, low thecae and narrow stipes—see Monograptus sp. of Rickards, 1974) ; 
and Monograptus sp.3 (like M. millepeda in general shape, but with low, hooked 
and little-overlapping thecae like M. communis). The species Monograptus 
sp.2 is superabundant at some levels in the Avon Lea Mudstone and is apparently 
restricted to that member, at least in the vicinity of Panuara. Another, slightly 
younger locality—g4—at ‘‘ The Basin ”’ contains an assemblage of ; Petaloyraptus 
minor HKlles with C. gregarius; P. aff. concinnus; M. triangulatus separatus; 
M. triangulatus extremus ; Rastrites spp.; Monograptus sp.2; M. aff. revolutus 
Kurck ; and Monograptus sp.3. 


At g12 in Four Mile Creek (Fig. 6), Avon Lea Mudstone exhibits a similar 
abundance of Monograptus sp.2 and Rastrites spp. with M. triangulatus separatus, 
M. triangulatus extremus and M. aff. revolutus. Further North, at ¢16, in Bridge 
Creek at the crossing of the old coach road to Cadia, M. triangulatus aft. fimbriatus 
(Nicholson), M. triangulatus separatus and Monograptus sp.2 occur in the mudstone 
directly underlying the ‘‘ Graded Bedded Member ”’. 


Faunas of the Avon Lea Mudstone include horizons correlative approxi- 
mately to the upper triangulatus Zone (Rickards, 1970), the ‘‘ triangulatus band ”’ 
(0 horizon or higher) of Sudbury (1958) and horizons 31-29 of Toghill (1968), 
all of which are marked by the first presence of Rastrites and Petalograptus. 


““ Graded Bedded Member ”’ 


A gradational lithological change is represented between the mudstone 
and this overlying member. This informal member comprises a siltstone— 
arenite facies with graded bedding, the individual cycles being about 5 cm or 
less in thickness. The bases of the graded beds are not markedly erosional 
and the coarse fraction of the cycle is usually very thin compared with the 
subsequent massive or laminated siltstone. No cross-bedding or ripple-bedding 
has been observed and each cycle is laterally extensive—over 30m distance 
in some outcrops. Large calcareous concretions are common in the sequence 
at Bridge Creek. Mineralogically the arenites consist of plagioclase fragments 
of microcrystalline feldspathic volcanics and less common augite laths. The 
feldspars are albite oligoclase, or less commonly microcline in composition, and 
do not appear to have been much altered (kaolinized) before deposition. 
Diagenetic products in the sediments are mainly chlorite and calcite, but some 
silica (and albite ?) is also present cementing and replacing grains. The sediment 
is texturally poorly sorted and grains lack rounding, so that the source of 
detritus appears to have been Angullong Tuff local to the Panuara area. 


Limestone conglomerate tongues, possibly the result of submarine detritus 
flows, are present in both the Angullong Syncline and Bridge Creek areas within 
the ‘“‘ Graded Bedded Member”. At ‘‘ The Basin’ a single lens of pebbly 
sandstone, 10 m wide and about 2m thick may be interpreted as having channel 
form. The pebbles are of sandstone, limestone (with Cadia Group fossils) and 
Angullong Tuff though the lens is wedged between the top of the Avon Lea 
Mudstone Member and the ‘‘ Graded Bedded Member ”’. 


Stratigraphically higher (magnus to argenteus Zone) limestone conglomerates, 
thought to be tongues derived from erosion of the Cadia Group at Ulah, outcrop 
both in “‘ Trevena’s Creek”? and north of Avon Lea in Four Mile Creek. The 
former exposure exhibits two 1-2 m thick beds, separated by shales, and composed 
of cobble to sand sized clasts of reworked feldspathic sandstones, Angullong 
Tuff and Palaeoporella bearing limestones. North of Avon Lea the conglomerate 
is composed largely of sandstone and limestone pebbles immersed in a sandy 
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matrix. The bed lenses out to the north but thickens and becomes less rubbly 
southwards until its truncation by faulting against the Waugoola Group. 

Compared with those of the underlying shales graptolite horizons in the 
‘* Graded Bedded Member” are more widely separated. The lower portion is 
poorly exposed in ‘‘ The Basin” but one fauna (g5—stratigraphically just 
above the pebbly channel deposit) contains: M. triangulatus separatus; M. 
decipiens Tornquist ; M. triangulatus extremus ; M. aft. communis (Lapworth) ; 
and Rastrites. A similar zonal level in ‘‘ Trevena’s Creek ’”’, (at g9), bears: 
P. att. concinnus; M. triangulatus separatus; M. triangulatus extremus; M. leptotheca; 
M. communis; and Diplograptus aff. magnus Lapworth (some species in 
abundance). Also in the Bridge Creek area, at g13 in the channel of Four Mile 
Creek, occur: M. triangulatus aff. extremus (with proximal end hooked, not 
coiled; M. decipiens; and M. communis. The last two localities underlie 
limestone-conglomerate tongues but all are considered to represent levels low 
in the magnus Zone, (Rickards, 1970). A single specimen of M. changyangensis 
Sun, 1933, has been found at about this level within ‘‘ The Basin ”’ (g20). 


The M. argenteus Zone faunas which follow are characterized by abundant 
M. leptotheca and P. aff. concinnus at various levels, but a Monograptus sp.4 
(like M. argenteus (Nicholson) but with the long proximal end bent dorsally 
through 180° and a slow progression to straight distal thecae) is characteristic 
also. It has been collected from g17 in Bridge Creek, g18 in the faulted inlier 
south of Avon Lea homestead and from g11 in “‘ Trevena’s Creek ”’, associated 
at each locality with M. leptotheca, C. gregarius, P. aff. concinnus, Monograptus 
sp.4 and numerous diplograptids. Localities g7 and g8 in the northeastern 
portion of ‘‘ The Basin” contain the graptolites C. gregarius, ? Monograptus 
sp.4, P. aff. concinnus and Rastrites. Fauna in a light grey spicular siltstone 
at g9 in the northern arm of the ‘‘ The Basin ”’, is slightly younger and may 
indicate a change to the convolutus Zone. Here occur C. gregurius, Monograptus 
sp. 4 and abundant M. aff. deliculatus. Each of these localities closely underlies 
Cobbler’s Creek Limestone and the Panuara Hiatus, but a thin, coarsely textured 
‘‘ Upper Sandstone Member’ is the final facies above g9. The 11m thick 
sandstone may represent a regressional facies since brachiopods occur, and in 
Four Mile Creek, directly beneath the ‘ exiguus beds”’ a similar coarse facies 
occurs with mixed shelly graptolite fauna (g15). The forms include M. communis, 
Rastrites and P. aff. concinnus together with ‘ streptelasmatids ”, favositids, 
trilobites and brachiopods. At ‘‘ Trevena’s Creek” the ‘“‘ Upper Sandstone 
Member” may be present, but merges with coarse sandstones spanning the 
Panuara Hiatus. Andesitic feldspar laths of these sandstones are pink and 
clouded, indicating kaolinization and weathering associated with the hiatus. 


WAUGOOLA GROUP 


Strata of the Waugoola Group were deposited in the Upper Llandovery - 
and Lower Wenlock, from the turriculatus graptolite Zone to the centrifugus 
Zone (Fig. 3), in conditions similar to the Cadia Group. An approximately 
transgressional sequence is represented with the basal Cobbler’s Creek Limestone 
eee succeeded by graptolitic facies of the Glendalough Formation 

nee 0) 

Clastic grains of the group’s siltstones and sandstones are dominantly 
feldspathic as in the underlying Cadia Group. Their mineralogy appears to 
be the result of supply from the Angullong Tuff and Cadia Group. Quartz 
grains are common however and are usually of a chalcedonic texture. Pyroxene 
is absent but the common, opaque heavy minerals that do commonly occur 
may be degradation products. 

McLean (1974a@; 1975) described Rugosa from two horizons in Cobbler’s 
Creek (Figs 2 and 4), in the area of the Angullong Syncline, informally termed 
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the ‘“‘ lower limestone horizon”? and the ‘‘ upper limestone horizon’. The 
lower is equivalent to the Cobbler’s Creek Limestone, probably of a turriculatus 
Zone age and the upper bed is referred to in the Burly Jacky Sandstone Member 
of the ‘Glendalough Formation, and has crispus—greistoniensis Zonal age (Fig. 
3). Rugose and halysitid coral species collected at various positions in the 
Waugoola Group are listed in Table 3. 


TABLE 3 
Rugose and halysitid coral species occurrences in the Waugoola Growp 


Leeality* 


Lb RNa ese eis feta eadserats) 


ee 


AUGOSAT 


Cystiphylium siluriense cylindricum Lonsdale, 1839 2 Ubec 
Angullophyllum warrist McLean, 19746 ue ae x 
? Palaeophyllum sp... ms x 
Ptychophyllum ef. stoiricum Twanovshiy, 1963 od ax 
Angullophyllum sp... - 6 as x 
HALYSITIDAE 
Halysites lithostrotonoides Etheridge, 1904 _.. 5% x 
Hi. aft. lithostrotonoides Etheridge .. ade 06 x 
Hi. cf. sussmilchi Etheridge, 1904... ae O° x 
H. amplitubata Lambe, 1906 . x 
Hi. aft. amplitubata Lambe (densely packed ‘form B) xe 
Acanthohalysites pycnoblastoides Etheridge, 1904 BS SEX 
A. cf. pyncoblstovdes Etheridge ye ds x Bs 


* Localities and horizons : 
1. Cobbler’s Creek Limestone near Gleeson’s Creek. 
2. Cobbler’s Creek Limestone at ‘‘ The Basin ’”’. 
3. Cobbler’s Creek Limestone at ‘‘ Trevena’s ’? and Cobbler’s Creeks. 
4. Burly Jacky Sandstone in Cobbler’s Creek. 
5. Burly Jacky Sandstone near Bridge Creek. 


7 Rugose coral occurrences after McLean 1974a ; 19746. 


Cobbler’s Creek Limestone 


In its type section (Figs 4 and 7, Section 2) in “ Trevena’s Creek ”’, the 
Cobbler’s Creek Limestone (a name first used in Warris, 1964, unpubl.) is 44 m 
thick (including basal conglomerate), totally exposed, apparently unfaulted 
and overlies (disconformably) the Cadia Coach Shale. Basal beds are of a variable 
clastic lithology which areally varies from coarse feldspathic sandstone through 
conglomerate sandstones to a cobble-grade conglomerate. The feldspar laths 
and most of the pebbles are derived from Angullong Tuff. In ‘‘ Trevena’s 
Creek’ the basal sandstone has gradational upper and lower boundaries and 
no distinct erosional surface is present to mark the disconformity. The con- 
glomerates contain reworked Cadia Group fossils (as do the lower limestone 
conglomerates within the Cadia Coach Shale). The incoming of calcareous 
arenite beds is gradual and is associated with limestone-conglomerate horizons 
composed almost entirely of Palaeoporella-rich marly pebbles of the Bridge 
Creek Limestone. Some Wire Gully Limestone pebbles are present also. 
Excellent exposures of the low clastic beds within Cobbler’s Creek Limestone 
occur in Cobbler’s Creek, where they are boulder conglomerates, composed 
of Angullong Tuff material in their lower levels with the addition of Cadia Group 
limestone derivatives at higher levels. 


PROCEEDINGS OF THE LINNEAN Society or New South Watss, Vou. 102, Part 3 


122 SILURIAN STRATIGRAPHY OF PANUARA AREA, N.S.W. 


In both Cobbler’s Creek and ‘‘ Trevena’s Creek’ the actual limestone 
lithology is bedded on a scale of 10 cm, the beds alternating between calcareous 
feldspathic sandstone and more pure calcarenites or calcirudites. The calearenites 
are composed of fragments of sparingly silicified corals, rounded limestone 
intraclasts and less commonly, andesitic detritus. The pebbles of coarse 
rudites are usually transported coral colonies and are set in a calcareous sandstone 
matrix. Both the calearenites and calcareous sandstones appear initially to 
have been quite porous and poorly compacted since load casting has caused 
their warping and small sandstone dykes are abundant. In both creeks exposures 
of the limestone rapidly grade into a sandstone which is not at all calcareous in 
composition thus indicating the onset of Glendalough Formation deposition. 

Lowest beds above the disconformity at Gleeson’s Creek and at ‘‘ The 
Basin” are again dominantly conglomeratic sandstones, grading upwards into 
limestone-conglomerates and an interbedding of calcarenites and calcareous 
sandstones. At ‘“‘ The Basin” fine grained or calcarenitic 1m thick beds of 
pure limestone, often spectacularly rich in Pentamerus ef. oblongus Sowerby, 
comprise the upper half of the formation and are rapidly succeeded by non- 
caleareous basal sandstones and shales (‘‘ exiguus beds”’) of the Glendalough 
Formation. 

On the southern edge of the fault block at ‘‘ The Basin ”’ is a small outcrop 
of this unit which has suffered intense deformation and yet bears a profusion 
of Upper Llandovery corals mixed with pebbles and grit. Similar outcrops 
of limestone are known from due south of Koonoona (Fig. 2). East of the 
Angullong Syncline and due north of Angullong homestead is an outlier of 
dolomitic and silicified limestone, containing ?Palaeophyllum, a ‘‘ cystiphyllid ” 
and Acanthohalysites cf. pycnoblastoides (Etheridge) which is apparently a facies 
of the Cobbler’s Creek Limestone. It rests directly upon Angullong Tuff and 
was most likely deposited close to the shoreline of that time. Even further 
east, Smith (1966) discovered limestone lenses near Weemala (Fig. 1) which 
are now known to contain Halysites aff. amplitubata Lambe (form B), a species also 
found in the Cobbler’s Creek Limestone, in ‘“ Trevena’s Creek ”’. 

The Cobbler’s Creek Limestone is absent from Ulah and Bridge Creek, 
where members of the Glendalough Formation rest directly upon Cadia Group 
Strata. 


Glendalough Formation 

The Glendalough Formation embraces Upper Llandovery to Lower Wenlock 
graptolitic strata of not only the Panuara district but also further north near 
Spring and Quarry Creeks (Packham, 1969: 110). Several non-graptolite 
members occur within the formation but are laterally variable and diachronously 
developed (Figs 3 and 7). These include the Ashleigh Member (a limestone 
and black shale dolomite facies), the Burly Jacky Sandstone Member and the 
Chaucer Red Bed Member. 

Informal subdivisions are based on the graptolites and not lithologies 
since these vary enormously within the area. Thus Monograptus exiguus and 
M. spiralis beds are recognized within the green-grey shale bulk of the formation. 

Total thickness of the formation reaches at least 132 m in the Angullong 
Syncline where it rests conformably upon the Cobbler’s Creek Limestone. The 
thickness varies considerably, however, and around Bridge Creek where it rests 
disconformably upon Cadia Coach Shale, only 73 m can be measured in the 
Wallace Creek type section (Fig. 7, Section 7). 


Bridge Creek Area 


Here the disconformity surface is sharp, due to the lithological contrast 
between the underlying sandy Cadia Coach Shale and the siliceous, basal “‘extgquus 
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bed’ shales. This particular bed is persistent for 3-5 km to the south, where 
it is apparently faulted out (Fig. 5). Along its outcrop some lithological changes 
occur ; for instance in Wallace Creek immediately to the south, the shales are 
fine textured and siliceous, but on the southern side of Four Mile Creek the 
“‘ exiguus bed ’’ is a sandstone. 

Graptolites in the siliceous shales of the ‘‘ exiguus beds” are assigned to 
the Upper Llandovery M. crispus Zone (Table 4) which is represented chiefly 
by an abundance of M. exiguus (Nicholson), a species which is known to range 
at least down to the maximus subzone in Britain (Rickards, 1970), so that by 
itself that species cannot be used to provide a zonal age. M. exiguus, 
M. proteus (Barrande), M. crispus, M. aff. acus Lapworth and Monograptus 
sp.5 (with biform thecae like M. galaensis Lapworth but the rhabdosome is 
ventrally curved) occur at ¢23 (the locality referred to in Stevens and Packham, 
1953). Within Wallace Creek (g30) M. exiqguus may be collected with M. proteus, 
and at g26 (Section 6), M. exiguus occurs in an extensively altered, siliceous 
siltstone. 
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Fig. 7. Stratigraphic sections of the Waugoola Group. The sections are located on map 
and horizontal distances are not to scale. 


In dolomitic siltstones at 233 (near the dam north of Avon Lea homestead 
and just above the “‘ eriguus bed’) is found an assemblage quite different to 
any crispus-greistomensis Zone faunas in the green siltstone facies: M. discus 
Tornquist; M. nodifer Tornquist; M. aff. turriculatus (Barrande); M. aff. 
dextrorsus Tullberg ; Stomatograptus aff. tornquisti Tullberg ; Pleqmatograptus 
obesus Lapworth; and Monograptus sp.6 (slightly ventrally curved, with all 
thecae pristiograptid except for a hooked th,). 

Succeeding the ‘‘ eriguus beds”’ are more finely textured, uniformly olive- 
ereen ‘spiralis beds” in which graptolites are abundant. Dendroids and 
eraptolites occur in profusion at all levels and all outcrops around Bridge Creek. 
The type section is placed in Wallace Creek where (at g31) M. spiralis (Geinitz) 
and M. aff. parapriodon Boucek occur. Further south in Section G, rare minute 
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TABLE 4 
Zonal occurrences of some graptolite species as observed in the vicinity of Panuara 


Zonal Horizons* 
WR BEE Gy Ge Spey eG). loys til, 1D 


Coronograplus gregarius .. ake oie Alo BIC P:SH>- era. S ap. Sune. < 
Monograptus sp. 1 : Si Bie 46 3 
M. triangulatus separatus (Sudbury) 6:6 oa te x 
M. triangulatus eatremus (Sudbury) 

M. triangulatus aff. fimbriatus (Nicholson) 

M. aft. revolutus IASUNON ais ae ars 

Monograptus sp. 2 

Monograptus sp. 3 aks 

Pristiograptus aff. concinnus (Lapworth) 

Rastrites spp. 5 S| 6 ah 

Petalograptus minor : Elles 

Monograptus communis Lapworth 

M. triangulatus aff. extremus (Sudbury) 

M. leptotheca Lapworth .. 56 : 

M. decipiens Tornquist 

Al. changyangensis Sun 

Diplograptus aft. magnus Lapworth Se 56 
Monograptus sp. 4 O06 ete 66 xe OX 
M. aff. deliculatus Elles and Wood At aN abs x 


M. exiguus (Nicholson) 

M. proteus (Barrande) 

M. crispus Lapworth Ras 

M. aff. acus Elles and Wood 

Monograptus sp. 5 

M. discus Tornquist d 

M., aff. turriculatus (Barrande) . 

M. aff. dextrorsus Linnarsson 

Monograptus sp. 6 

M. nodifer Térnquist ae 
Stomatograptus aft. tornquisté Tullberg : 
Pseudoplegmatograptus obesus (Lapworth) 
Monograptus spiralis (Geinitz) .. at ; 
M. att. parapriodon Boucek Ble an ais 
M. tullbergi Boucek : 

M. aff. greistoniensis (Nicol) 

Stomatograptus grandis Suess... Ee bie sips x 
Monograptus priodon (Bronn) .. ile Mi Ae > 
Cyrtograptus aff. centrifugus Boucek 

Monoclimacis vomerina (s.l.) eee | 

Monograptus att. kolihat Boucek 

M. minimus Boucek and Pribyl 

Retiolites obliquidens Obut | 

Retiolites geinitzianus Barrande 


x 
x 


RAM KW KRW OK 
aia 
ia 


HK K KK A 
MK HM MK 


ww MAW KH 


wAwW KK 


WWM K AK KH 


Monograptus testis (Barrande) 

M. aff. fiexilis (Elles) 

M. flemingw (Salter) 

Gothograptus nassa (Holm) 

Pristiograptus dubtus (Suess) 

P. ludensis (Murchison) 

Holoretiolites aff. lawsont Holland, et al. 
Spinograptus cf. clathrospinosus Hisenack 


ww MOA 


AwMKKK HY 


* Zonal horizons : 

1. lower triangulatus Zone ; 7. crispus to greistoniensis Zones ; 

2. upper triangulatus Zone ; 8. greistoniensis Zone (“‘ spiralis beds ”’) 
3. magnus Zone ; 9. crenulata Zone ; 

4. argenteus Zone ; 10. centrifugus Zone ; 

5. argenteus to convolutus Zone ; 1l. lundgreni Zone (“‘ testis beds ”’) ; 

6 

ay 


. crispus Zone (“‘ exiguus beds ’’) ; 12. ludensis Zone. 
he informally designated Monograptus species are referred to in the text. 


ali 


—— 
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diplograptids occur with M. aff. greistoniensis Nicholson at the level of 227. 
Higher coarse green sandstones directly underlying the Burly Jacky Sandstone 
Member yield a crenulata Zone fauna of Stomatograptus grandis Suess and the 
stratigraphically lowest M. priodon (Bronn) (locality g28). Despite an erosional 
contact between ‘‘ spiralis beds”’ and the Burly Jacky Sandstone Member no 
significant time gap exists at the diastem since lowest Wenlock graptolites 
overlie the sandstone directly. 


Burly Jacky Sandstone Member 

The Burly Jacky Sandstone Member is a coarse, calcareous, quartzofeld- 
Spathic sandstone, developed diachronously in the Cobbler’s Creek, Ulah and 
Bridge Creek areas. The sandstone in its type section in Wallace Creek, (Fig. 7, 
Section 7) consists dominantly of feldspathic composite-grain clasts and isolated 
crystals of oligoclase feldspar, both apparently originating from the Angullong 
Tuff. Quartz grains are also present and are mainly of a chalcedonie structure. 
Grains similar to vein quartz are also present. Heavy, opaque minerals are 
especially common, but pyroxene is absent and the sandstone is cemented by 
diagenetic growths of calcite, chlorite and possibly silica. The unit is often 
conglomeratic with pebbles of Angullong Tuff, or of rolled coral colonies and 
displays thick tabular bedding. Most of the coral fauna is indicated in Table 3, 
but in addition Multisolenia, Mesofavosites and Heliolites are present. In 
Wallace Creek the sandstone is 11 m thick and is placed near the Llandovery- 
Wenlock boundary. 


Ashleigh Member 


The succeeding Ashleigh Member consists of a ‘‘ limestone facies’? and 
black shale facies which are juxtaposed by an abrupt facies change along its 
north-south strike. The underlying Burly Jacky Sandstone grades upwards into 
Ashleigh Member by becoming finer and dolomitized at the top. Facies changes 
in the Ashleigh Member are apparently due to a northwards slope of the Lower 
Wenlock topography in the vicinity of Avon Lea and Bridge Creek. Just 
north of the Avon Lea homestead a bed of dolomitized and silicified fossiliferous 
Bridge Creek Limestone pebbles (transported from the south near Ulah ?) overlies 
the Burly Jacky Sandstone Member and intertongues into grey micritic and 
dolomitized Lower Wenlock limestone. Fossils such as P. alveolaris and H. 
priscus, typical of the Bridge Creek Limestone Member, are thereby found 
within Lower Wenlock beds. The Ashleigh Member limestone facies has its 
own fauna (collected west of the Avon Lea main dam), of Halysites, Mesofavosites 
and a ‘‘ cystiphyllid’’, most of which have been replaced by dolomite. Just 
70 m further north and laterally equivalent the sequence is one of interbedded 
black or olive black quartzose graptolitic siltstones and silty dolomitic limestone 
beds comprising about 50% of the total thickness, though further northwards 
the siltstone proportion grows as the unit thins. One tongue of dolomitic sand- 
stone extends northwards for 300 m from the top of the limestone facies through 
the graptolitic shales (Fig. 5). Above the limestone facies, which is capped by 
a thickness of orange dolomitic unfossiliferous limestone beds, are dolomitic 
black graptolite shales containing at their lowest levels (g34) a retiolitid fauna 
of Retiolites geinitzianus Barrande and R. obliquidens Obut. Further up the 
sequence Cyrtograptus aff. centrifugus Boucek and M. priodon occur with 
dendroids (g35), while even higher Monoclimacis vomerina (Nicholson) (sensu lato) 
occurs at g(36). 

In the ‘“‘ black shale facies ’’ north of the limestones an abundant fauna of 
Cyrtograptus aft. centrifugus, M. priodon, M. vomerinus (s.l.) and M. aff. kolihai 
Boucek has been collected at each of g24, 25, 29, 32, a fauna which in uniform 
along strike and which may confidently be assigned to the lowest Wenlock, 
probably the centrifugus Zone. 
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Angullonge Syneline 


The Glendalough Formation of the Angullong Syncline conformably succeeds 
the Cobbler’s Creek Limestone (Fig, 7, Sections 1-3). Only the basal member 
(the ‘* exiguus bed ’’) is exposed near ‘‘ The Basin’, where 7 m above the lime- 
stone a fauna of small diplograptids and Monograptus exiguus provides a tentative 
crispus Gone age (g20). Similar sandy quartzofeldspathic tan shales are developed 
in the syneline’s northern sector, but a change of sedimentation environment 
has occurred over the syneline’s length. Beds here are calcareous, sandwiched 
between two coralline units (Cobbler’s Creek Limestone and the Burly Jacky 

Sandstone) and have a fauna of exclusively dendroid graptolites. The coarse 
Bur ly Jacky Sandstone Member here is older than similar lithologies around 
Bridge Creek and is placed between crispus and greistoniensis Zone shales. The 
unit’s base is vague, being a gradual coarsening of grain size, culminating with 
the highly fossiliferous, pebbly and calcareous central portions of the member’s 
35m thickness. This fossil band consists of two horizons, the lower spectacularly 
rich in disarticulated valves of Pentamerus aff. oblongus and an upper composed 
of transported corals in pebbly, interbedded limestones and calcareous sandstones. 
Faunal elements of the band are shown in Table 3. Above this the member 
grades into shales of the ‘‘ spiralis beds ” by interbedding, and only 1 km south 
of Cobbler’s Creek the sandstone apparently lenses out, bringing ‘‘ erigwus 
beds”? and the “ spiralis beds” into continuity. The succeeding “ spiralis 
beds” are graptolitic oniy at a few thin layers in the black or brown coarse 
shaies near their base; overlying siltstones below the Chaucer Red Bed are 
olive-grey, bioturbated ‘and barren of remains. The graptolite horizons have 
yielded (g21, section 2), M. spiralis, M. tullbergi and M. aff. greistoniensis, 
indicating that beneath the red bed the greistoniensis Zone is represented. 


Chaucer Red Bed Member 


The maroon sutstone lithology of the Chaucer Red Bed Member (11m 
thick) enters sharply, but upwards becomes increasingly interbedded with green- 
grey siltstones like those below, so that its upper boundary is vague (Figs 4 
and 7). Faulting associated sateelh the axis of the Angullong Syncline also com- 
plicates the unit’s top in “ Trevena’s Creek” (type section). Lithologically 
if is composed of fine quartzofeldspathic silt suspended in a haematitic clay 
matrix and it appears to be quite unfossiliferous, but since it is found at Liscombe 
Pools and Millambri it is important as a stratigraphic marker. The member 
was deposited in marine conditions. 3 

Shales overlying the Chaucer Red Bed Member have a lower Wenlock age 
and are synchronous with the Burly Jacky Sandstone and Ashleigh Members at 
Bridge Creek (Fig. 3). Graipuolites sueceeding the red bed occur in a 30cm 
thick ‘* Black chert horizon” (Figs 4 and 7) at @22 and include: M. priodon ; 
M. vomerina (s.l.); M. minimus Boucek and Pribyl; Retiolites aff. obliquidens ; 
and ?Retiolites geinitzianus Barrande ; an assemblage probably indicating the 
centrifugus Gone and which is equivalent to the fauna of the Ashleigh Member 
further north. At higher levels near the centre of the syneline M. vomerina 
(s.J.) has been collected. 


Ulah Area 


Waugoola Group beds are represented at Ulah by only 15m of coarse 
quartzofeldspathic pebbly sandstone (Fig. 7, Section 4) seen there to overlie 
Cadia Group limestones east of the Panuara Rivulet. The lithology resembles 
Burly Jacky Sandstone elsewhere and is complete with a coralline band near 
the top; it includes Halysites aff. sussmilchi Etheridge, Favosites, Heliolites 
and acompoundrugosan. It has elements in common with the Ashleigh Member’s 
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Lower Wenlock limestone fauna. The succession at Ulah is conglomeratic 
and appears to be spectacularly condensed, with Panuara Group shales resting 
disconformably upon the sandstone immediately above the coralline beds. 


PANUARA GROUP 


Wenlock age strata occur in the lowest sections only of the Panuara Group, 
at the base of the Ulah Formation, and it is only these which have been investi- 
gated in any detail. Ulah Formation and Wallace Shale comprise the group 
around Panuara and graptolite zones, from the upper Wenlock lundgreni Zone 
through the Ludlow into the Pridoli, are represented (Fig. 3). In this area 
the Bul’s Camp Rhyolite marks both an end to sedimentation and the top 
of the group. Detritus is mostly fine-silt sized but coarse quartz-feldspar-biotite 
arenites, possibly derived from coeval volcanism, are present occasionally. 


Uiah Formation 


The Ulah Formation is proposed to include about 350 m of quartzofeldspathic 
Shales and occasional arenites below the Wallace Shale (Stevens and Packham, 
1953), but overlying, disconformably, sediments of the Waugoola Group. As 
such it is the thickest single section of the old ‘‘ Panuara Formation’. Around 
Bridge Creek (Fig. 5) the basal ‘‘ testis beds’ (with M. testis (Barrande)) are 
exposed in the Wallace Creek (g42). 


Southwards they become coarser, more siliceous, bioturbated and non- 
graptolite. No coarse basal lithologies are present, the shale resting directly 
upon Ashleigh Member, but near Avon Lea the very basal beds are orange 
coloured because of the incorporation of silt from that member. The basal 
lundgrent Zone beds are also represented at Ulah by the species M. testis, M. 
flemingvi Salter and Gothograptus nassa Holm in olive-green shales. 


Overlying strata of the ludensis and succeeding (Ludlow) zones are buff 
coloured, or grey when weathered. Feldspar-quartz-mica arenaceous beds 
are also present and often very coarse. Just north of Avon Lea homestead 
(Fig. 5, locality g41) the ludensis. zone is represented by an assemblage of : 
Pristiograptus dubius (Suess) ; M. ludensis (Murchison) ; Holoretiolites aff. lawsont 
Holland et al.; G. nassa and Spinograptus ef. clathrospinosus Eisenack. Near 
Uiah collections of M. ludensis and M. flemingii indicate the ludensis Zone 
also. Unfortunately the Ulah Formation is not represented within the Angullong 
Syncline where the top of the Glendalough Formation has been removed by 
erosion. 


Wallace Shale with its characteristic siltstone-textured interbedded red 
and green beds succeeds the Ulah Formation, but with no appreciable litho- 
logical change from the sediment’s quartzofeldspathic composition. The shale 
is in turn overlain by the Bulls Camp Rhyolite which may have had an extrusive 
origin and whose age probably ranges into the Devonian (Packham, 1969 : 137). 


STRUCTURAL GEOLOGY 


The area of Panuara lies on the western flank of the Molong Rise, bordering 
on the Cowra Trough (Packham, 1960)—a structural downwarp in which Silurian 
is exposed only in the eastern half. Judging from presently available outcrops, 
the Molong Rise basement appears to have been composed largely of structurally 
competent Middle and Upper Ordovician andesitic voleanic piles such as the 
Walli Andesite and Angullong Tuff (Packham, 1969: 218). This may explain 
the largely faulted and openly folded deformation style of these ‘‘ basement ”’ 
and younger rocks. Strain developed during the deformation appears to have 
been released mainly by large scale structures and there has been little or no 
rock-fabric distortion except within fault zones. 
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The Angullong Syneline (Figs 2 and 4) extends between Cobbler’s Creek 
and Gleeson’s Creek just east of the Panuara Rivulet and west of Angullong. 
As there is some closure at either end, it is actually basinal in form. The 
axis is faulted with offset being minimal in the north but increasing southwards 
so that the south-eastern side is upthrown. Dips at the southern extremity 
are generally small (20°-30° on either limb) but they increase northwards so 
the northeastern limb dips steeply at about 60° W while the western limb 
generally dips at about 30°-40° EH. The eastern sequences here often display 
minor strike-faulting and the western limb is folded. The western and northern 
margins to the syneline are almost entirely faulted against Angullong Tuff by 
strike-and-cross-faulting. Only at ‘The Basin” and along the syncline’s 
eastern margin do Lower Llandovery strata rest disconformably upon the 
Ordovician. Middle Llandovery shales have been faulted against Ordovician 
formations in the vicinity of Gleeson’s Creek. 

Outcrops of the Cadia Groups just south of Ulah rest disconformably upon 
Angullong Tuff and dip at about 10° northeast. A complete succession (with 
breaks) from Ordovician through the Cadia and Waugoola Groups to the Panuara 
Group exists in this belt east of Panuara Rivulet, but westwards the Waugoola 
Group becomes faulted out. 

At Bridge Creek (Figs 2 and 5) the interaction of facies and disconformities 
with abundant cross-and-strike-faulting has caused interpretation problems. 
Outcrop in a critical area just north of Avon Lea is poor. The strata dominantly 
Strike north-south and dip at about 50° W. The Mount Canobolas Tertiary 
Lavas (to the north) and Upper Devonian quartzose sediments (to the west) 
conceal Silurian under an angular unconformity. Small outlier pods of the 
Upper Devonian exist further east, one occurring upon the Bridge Creek Limestone 
and Cadia Coach Shale just east of the Bridge Creek and Four Mile Creek junction. 
Along its eastern edge the Silurian is bounded by disconformably underlying 
Angullong Tuff, though a faulted contact exists around Avon Lea homestead and 
further south. The mapped discordance between Cadia and Waugoola Group 
strata north of the homestead is probably due to related faulting. A small 
totally fault-bounded inlier of Cadia group sediments exists just south of Avon 
Lea and has an easterly faulted contact to vertical Panuara Group shales. 
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(ANURA: LEPTODACTYLIDAE) IN THE SYDNEY BASIN, 
AUSTRALIA 
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Synopsis 
The red-crowned toadlet, Pseudophryne australis, is restricted to sandstone areas near Sydney. 
P. bibronw is more wide-ranging in eastern Australia, but is rarely found in the sandstone country 
because the ponds there typically dry out before larval development can be completed. Inter- 
specific differences in coloration, adult size, breeding season and behaviour, and in rates of 
embryonic and larval development are documented. 


Differences in habitat and breeding season reduce the possibility for interspecific contact. 
However, in situations where P. bibronii ranges into the sandstone country, occasional parapatric 
hybridization may occur at disturbed sites during the autumn. One population, which is inter- 
mediate between these two species in external coloration, size and shape, ovidiameter, egg number, 
and testes colour is described. Among the presumed hybrids, colour and morphometric characters 
vary independently. While hybridization may also account for colour intermediates found 
elsewhere, the possibility of convergence is considered. 


INTRODUCTION 


Two species of Pseudophryne occur in the Sydney Basin of eastern New 
South Wales. The red-crowned toadlet, P. australis Gunther, has conspicuous 
red patches on the top of the head and back. P. bibronti Gunther, in contrast, 
is dark grey or brown dorsally and lacks conspicuous red markings. The two 
species also differ in other aspects of coloration, size, breeding season and 
behaviour, and in rates of embryonic and larval development (Fletcher, 1889 ; 
Harrison, 1922; 1925; Moore, 1961; Jacobson, 1963a; 1963b; 1968; 
Woodruff, 1972). Most workers have interpreted these interspecific differences 
aS adaptations to the contrasting habitats of the two species. P. australis 
occurs only in the Sydney Basin where it is restricted to areas in which Triassic 
sandstones outcrop. P. bibronii ranges widely over eastern Australia; and 
around Sydney it is typically found in areas where Triassic shale or Cenozoic 
sediments overlay the sandstone. While the present patterns of distribution 
correlate with surface geology closely, no detailed study on a microgeographic 
scale has yet been reported. Although Harrison (1922) concluded that the 
ranges of the two species were mutually exclusive, several lines of evidence 
indicate that interspecific contacts may occur in many areas. As Harrison 
noted, P. bibronii occasionally occurs on the tops of sandstone ridges, the normal 
habitat of P. australis. More recently, Moore (1961) found a roadside ditch 
which was occupied by P. australis from August to March, and by P. bibroni 
during April. In such areas, where differences in habitat cannot serve as 
premating isolating mechanisms, the possibility of interspecific interactions 
must be considered. Jacobson (1963a : 44) suggested (but provided no supporting 
data) that ‘‘ Interbreeding may occur in nature. South of Sydney, where the 
habitats of these two species overlap, a few apparent colour intermediates have 
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been found”. In this paper I provide additional details of the distribution 
of the two species and describe the nature of the interaction between them 
in parapatric situations, 


METHODS AND MATERIALS 


Coloration. General statements about coloration are based on _ the 
examination of all specimens in the collections of the Australian Museum, Sydney, 
and in the University of Melbourne Zoology Department up to July 1969. 
Statements about the coloration of specimens from areas of interspecific contact 
described in this paper are based on observations of living animals. 

Size. Interspecific variation in ten characters was studied in samples of 
adult males. Insufficient numbers of females were available for comparative 
analyses; females are slightly larger than males. Measuring techniques and 
terminology are those of Woodruff (1975). No large samples were available 
to characterize each species ; so after establishing that there was no significant 
(p>0-05) intersample variation, several small samples were pooled. In the 
ease of P. australis the pooled sample (N=30) included specimens from the 
Royal National Park, Lindfield Park and Pearl Beach. The sample used to 
characterize P. bibronii (N =26) included specimens from the You Yangs and 
Kerrisdale in Victoria, and Tarcutta, N.S.W. Museum specimen numbers and 
original data were reported by Woodruff (1972). 


In the absence of a large sample of male P. bibronii from near Sydney, 
the use of data from other areas of south-eastern Australia can be defended 
on two grounds. First, a sample of 11 male P. bibronii from Lindfield was not 
significantly different from the pooled sample with respect to the first four 
variables in Table 2. (Comparable data were unavailable for the other 
variables.) Second, in a wider context, no significant variation was found 
in any of the 10 measures between the pooled sample used here and those of 
smaller samples from six other localities throughout the range of the species 
(Woodruff, 1972). 

Distribution and Natural History. Distribution maps aie based on the 
examination of all specimens in the collections of the Australian Museum and 
in the University of Melbourne up to July 1969. Published records and specimens 
in the Field Museum of Natural History, the Museum of Comparative Zoology 
at Harvard University, and the Museum of Vertebrate Zoology at Berkeley, 
do not extend the ranges of these species as determined by the two Australian 
collections. In addition, first hand observations on distribution and natural 
history were made in the course of four brief trips to the region during the 
period 1966-1969. Specimens collected on these trips were deposited in the 
University of Melbourne Zoology Department collection. Methods of handling 
batches of field-collected eggs are described by Woodruff (1976a). 


COMPARATIVE MORPHOLOGY 


Except in the case of specimens of intermediate coloration from a few 
areas, discussed below, the differences between P. australis and P. bibronv are 
marked and consistent (Table 1). Similarly, the morphometric data indicate 
that there are consistent differences in the mean size of adult males of the two 
species (Table 2). P. bibronii is generally larger-bodied than P. australis : 
the differences in adult male body length are particularly noteworthy. P. 
australis has relatively longer legs, feet and toes. These differences are accen- 
tuated in a comparison (mean and range) of the tibia length to body length 
ratio for these samples : 

P. australis 0-34 (0-30-0-38) 
P. bibronit 0:28 (0:25-0:32) 
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TABLE 1] 
P. bibronii—P. australis character index based on coloration of adult male specimens from the Sydney 
Basin 
Character Score Remarks 


Uniform dark brown or black as in P. bibronii 

Intermediate : few small orange or red patches 

Numerous small red patches on black background as 
in P. australis 


Dorsum 


Neo 


Dark brown or black as in P. bibronii 

Intermediate : dark with tiny red spots between the 
eyes 

Large red patch as in P. australis 

Inconspicuous brown or yellow patch or no patch as 
in P. bibroni 

Intermediate : orange patch of variable size 

Intermediate : red patch of variable size usually large 

Conspicuous large white patch as in P. australis 

Inconspicuous brown or dull yellow patch as in P. 
bibronia 

Intermediate red patch of variable size 

Conspicuous large white patch as in P. australis 

Either uniformly dark, or with an inconspicuous dull 
yellow-brown spot or line extending across the back 
of the thighs as in P. bibronw 

Intermediate : Supracloacal mark red or orange 

Uniformly dark as in P. australis 


Top of head 


a) 


on 


Dorsal surface of upper arm 


ownNe 


Post-femoral area 


a 


Supracloacal area 


Absent or a fine brown line as in P. bibronw 
Conspicuous red stripe as in P. australis 


Coceygeal mark 


KO Ne 


The data presented here are in close agreement with the findings of earlier 
workers who measured smaller samples and considered only one or two variables. 

Although the results of parametric statistical tests are shown in Table 2, 
the assumption of normal distributions may be relaxed without affecting the 
conclusions reached. For example, a Mann-Whitney U-test on the tibia length 
data gave: U=2660-90, z=19-26; indicating that the null hypothesis (that 
the tibia lengths are the same in these samples) should be rejected. 


Despite these statistically significant interspecific differences, it should 
be noted that it may be difficult to assign a colourless specimen to either species 
on the basis of one or two measures alone. Taxonomic decisions should be 
based on the examination of living animals or on a combination of several 
morphometric measures, as the diagnostic colour characters are alcohol-soluble. 


DISTRIBUTION 


P. australis is restricted to a small area of central coastal N.S.W. known 
as the Sydney Basin (Nashar, 1967). Specimens were collected at about 30 
localities (Fig. 1). Locality records (excluding those published by Parker, 
1940; and Moore, 1961) are: Australian Museum: Waterfall; Chatswood ; 
Manly ; Bobbin Head ; Jaffa Ashord Downs ; Narrabeen ; University of Melbourne 
Zoology Department: 2:4km N of Bilpin; Flat Rock Creek, Royal National 
Park ; 0-6 km N of Menai; Castlecrag ; Lindfield Park ; Rocky Creek, St. Ives ; 
Pearl Beach; 0-3km N of Pacific Highway on Old Gosford road, between 
Pacific Highway and Somersby ; 1-3 km N of Pacific Highway on Old Gosford 
road ; Wishing Well State Forest, 7-3 km W of Cooranbong about 16 km W of 
Morisset. Specimen numbers and other data are given in Appendix A of 
Woodruff (1972). 
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The southern limit of the known range is Burrawang, while the western 
limits are near Leura and Mt. Irvine in the Blue Mountains. The northern 
limits were reported by Moore (1961) as Gosford and Kurrajong Heights, but 
I collected this species near Morisset about 40 km further north. Within this 
area the species has been found only where the Hawkesbury sandstone outcrop. 
It has not been collected in areas where shales of the Liverpool subgroup lie 
at the surface nor in areas covered by Tertiary or Quaternary deposits. If 
the distribution of Hawkesbury sandstone outcrops is an indication of the possible 
distribution of P. australis, then its range may be extended to the north-west 
into the rugged country between Kandos and Cessnock. 


In addition to the localities reported here, there are a number of non- 
localized literature records of this species. Moore’s (1961) reference to one 
such specimen in the Australian Museum (R8466) could not be confirmed but 
three specimens of this species are registered (R8468) without locality data. 
Also in the Australian Museum collection is a single specimen (R12418) referred 
to this species from Wide Bay, Queensland. As the specimen could not be 
located, its identity must remain conjectural. P. australis is not known from 
Queensland (Woodruff, 1976c). 


P. bibronit is widespread in eastern Australia, ranging over 1600 km, from 
southern Victoria to south-eastern Queensland. If specimens of Pseudophryne 
from North Queensland described by Woodruff (1976c) are also referable to 
this species, then the range will extend nearly 2400 km in a north-south direction. 
Near Sydney specimens were collected at 40 localities (Fig. 2). Locality records 
(again excluding those published by Moore, 1961) are: Australian Museum : 
Burrawang; Oberon; Kanangra Walls; 8km E of Guerie; Bexley North ; 


TABLE 2 
Interspecific variation in size and shape of adult males 


t-test F-test 
Character Mean Range 8.D. P P 

Body length an 20-58 (18-0—24- 2) 1-37 <<0-001 0-314 
24-69 (22-0—28-0) 1-51 

Tibia length 7-07 (6:5—7-5) 0-20 0-037 <0-001 
6-88 (6:0—8-0) 0-43 

Head width 6-64 (5: 7—7-5) 0-44 <0-001 0-818 
7:16 (6:4—8-1) 0-37 

Head length 5:04 (4-5—5-7) 0-36 <0-001 0-463 
5-49 (5-0—6- 2) 0-37 

Toe 1 length 1-02 (0-8—1-2) 0-10 <0-001 0-444 
1-15 (1:0—1-4) 0-10 

Toe 2 length 1:58 (1-3—1-9) 0-11 <0-001 0-002 
1-86 (1-5—2:-2) 0-19 

Toe 3 length 2-54 (2-0—3-0) 0-22 <0-001 0-226 
2-89 (2-4—3-6) 0-26 

Toe 4 length 4-65 (4:0—5-0) 0:26 0-038 0-003 
4-82 (4-1—5 -6) 0-42 

Toe 5 length 1-61 (1-4—1-9) 0-15 <<0-001 0-158 
2-00 (1-6—2-3) 0-18 

Foot length 6-91 (6-1—7-7) 0:35 0-037 <0-001 
7-17 (6:4—8-3) 0-55 


1. In each couplet Pseudophryne australis (N=30) precedes P. bibronii (N= 26). 
2. Data are in mm. 
3 


. The t-test indicated the probability that the means of the two samples are not signifi- 
cantly different if the variance ratio (F) test indicates that the two variances do not 
differ significantly. 
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Fig. 1. Distribution of Pseudophryne australis. ‘The position of the larger map is 
indicated in the inset. 


Baulkham Hills; Ourimbah; University of Melbourne Zoology Department : 
Porters Retreat, Oberon ; Lucas Heights ; 0-4 km N of Menai; Thorpes Meadow, 
Menai ; 4-8 km S of Wisemans Ferry ; 16 km N of Windsor ; 2:6 km and 3-4 km 
N of Pacific Highway on Old Gosford road, between Pacific Highway and 
Somersby ; Mann’s road, 2-3km N of Gosford; 1:6km N on Alford’s Point 
road, Menai ; 0-8 and 2-7 km N of Wyee; 4:3 km W of Cooranbong ; Newcastle 
Forest Station, 10-6 km W of Cooranbong. Again, specimen numbers and other 
data are provided elsewhere (Woodruff, 1972). 
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Fig. 2. Distribution of Pseudophryne australis and P. bibronii near Sydney. 
Triassic shale outcrops in the shaded areas ; Triassic Hawkesbury sandstone 
and more recent sediments outcrop elsewhere. Geological data from Depart- 
ment of Mines, N.S.W., 1 : 250,000 Geological Series, Sydney and Wollongong 
Sheets. 
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In the Sydney Basin the range of P. bibronii is fragmented, with isolated 
populations on residual outcrops of shale surrounded by sandstone. P. bibronii 
has also been collected on sandstone at Mosman, Lucas Heights, Menai, Killara 
and Gosford. This fact, coupled with the distribution of the two species (Fig. 2), 
suggests that the two taxa come into contact in many areas. Both species 
have been recorded from Burrawang, French’s Forest, Gosford, Killara, Lindfield, 
Manly, Mosman and Wishing Well State Forest (about 16 km W of Morisset). 


COMPARATIVE DEVELOPMENT BIOLOGY 


External development has been described by Jacobson (1963b, 1968) and 
Woodruff (1972). Jacobson found that at 18°C P. australis developed rapidly, 
hatching after 26 days when the hind limb buds appear (stage 28 of Gosner, 
1960) and metamorphosing after about 60 days. In contrast, she concluded 
that P. bibronii developed more slowly: hatching after 9 days, soon after the 
heart begins to beat, and metamorphosing after about 132 days. My studies of 
the development of these taxa confirmed her findings with respect to P. australis, 
but gave a different result in the case of P. bibronii. Briefly, I studied approxi- 
mately 3000 P. bibroni eggs from the Sydney Basin area and found that at 
16°C hatching occurs at stage 27-8 after about 30 days and metamorphosis 
occurs after 130-180 days. My results, which are supported by Moore’s (1961) 
observations, suggest that while the encapsulated embryonic phase of development 
is Similar in ‘the two species, free-swimming larval development proceeds much 
faster in P. australis than in P. bibronii. 

The discrepancy in our findings with respect to length of the embryonic 
phase in P. bibronii merits further comment here as the alleged differences in 
rates of development between these taxa have been discussed by other workers 
(Stephenson 1965; Salthe and Mecham 1974). Jacobson’s observation of 
premature hatching in P. bibronw (actually her observations are referable to 
the closely related P. dendyi) may be attributable to thermal stress and/or 
abnormal encapsulation (a not uncommon phenomenon among Pseudophryne 
eggs laid in the laboratory). The embryos were maintained some 8—10°C above 
the mean temperature to which they would have been exposed in nature. In 
Rana spp. culturing under such conditions results in earlier hatching at earlier 
developmental stages (Yanai, 1952 ; Grainger, 1959). 


COMPARATIVE REPRODUCTIVE BEHAVIOUR 


Breeding sites. Both species lay their eggs in batches in nest sites on land. 
The larval phase of development is fully aquatic and of variable length, being 
about a month in P. australis and 3-5 months in P. bibronw. Eggs are laid 
in nest-sites which will become flooded so as to permit larval development. 
P. bibronii typically nests among the grass roots in marshy situations and in 
historical times has come to be associated with drains, roadside ditches and the 
edges of canals and dams. Such sites become flooded during the autumn and 
typically remain so until they dry out in the following summer. In the Sydney 
Basin such sites occur in areas where Wianamatta shale or Cenozoic deposits 
lie at the surface and are generally absent in the precipitous Hawkesbury Sand- 
stone country. P. australis, in contrast, typically breeds in the damp leaf-litter 
along the course of first and second order streams and drains, and among the 
vegetation in the soaks that form on sheltered rock ledges in the Hawkesbury 
sandstone country. 


Breeding season. While P. bibronii breeds only in the autumn in southern 
and eastern Australia (Woodruff, 1972; Fletcher, 1889), P. australis is widely 
believed to breed opportunistically throughout the year (Harrison, 1922 ; 
Jacobson, 1963a). Unfortunately, in reporting breeding activity few workers 
have made the distinction between male calling and actual mating and egg-laying 
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behaviour. In Victoria, where I studied the breeding behaviour of P. bibroni 
during five breeding seasons, males were heard calling from March 16—May31 
but egg laying did not commence until after April 4. Around Sydney, Fletcher 
(1889) and Harrison (1922) reported breeding activity during April, May and 
June and I have observed egg laying as late as June 15. The evidence that 
P. australis breeds throughout the year is not completely satisfactory. I agree 
that this species may call throughout the year but have reservations about 
Harrison’s (1922) statement that it also mates in every month of the year. 
There is unequivocal evidence for mating in the months of August—January 
only (Fletcher, 1889, but see comments of next author on the specific identity 
of ova found in May ; Harrison, 1922 ; Moore, 1961 ; Woodruff, 1972). I observed 
seven choruses in May and June but failed to find any females or eggs associated 
with them. Clearly the temporal aspects of this species’ breeding season need 
clarification. 

Breeding behaviour. Males of P. bibroni are territorial during the breeding 
season, establishing and maintaining exclusive calling areas centred around 
nest-sites (Woodruff, 1972; 1976b; and in preparation). Choruses contain 
20-100 males and individual calling males were rarely found within 25 cm of 
one another. Several weeks after calling commences the females enter the 
area and mate with one or more males. Less than half the females lay all their 
eggs at once; most lay decreasing numbers of eggs at two or three successive 
matings over a period of several days (Woodruff, 1976b). Typically, 70-110 
ova (ovidiameter : 1-6—-2-1mm) are produced at the initial mating. After 
laying all their eggs (up to 200) the females leave the breeding areas. Males, 
in contrast, typically remain with the eggs and resume calling. The nature 
and significance of this postmating brooding behaviour is discussed elsewhere 
(Woodruff, 1977). 

Less is known about the breeding behaviour of P. australis. Harrison 
(1922) found males calling from hidden nest-chambers at a breeding site in 
Mosman. He reported that before oviposition both males and females occupy 
the nest, but after the eggs are laid the nest is deserted or the female alone 
remains. The eggs are usually laid at night after rain and, aS many nests 
contained only a few eggs, Harrison speculated that the fuil complement of 
20 eggs (ovidiameters: 2-6-3-5 mm) are produced over a period of four or 
five nights. Subsequently it was shown that a female can lay all her eggs at 
a single mating (Moore, 1961 ; Jacobson, 1963a). 

The species of Pseudophryne differ from most other genera of anurans in 
that their conspicuous and most distinctive acoustical signal is essentially the 
same in all those species in which it has been studied quantitatively : 
P. semimarmorata (Littlejohn and Martin, 1969), P. bibronit and P. dendyt 
(Littlejohn, personal communication ; Pengilley, 1971), P. corroboree (Pengilley, 
1971). The calls of P. australis and P. bibroni cannot be distinguished by the 
human ear and preliminary audiospectrographic analyses have failed to reveal 
any conspicuous interspecific differences in call structure (Littlejohn, personal 
communication ; personal observation). Littlejohn (1963, and subsequently) 
and Pengilley (1971) interpret the usual call made by Pseudophryne males in 
breeding choruses as the mating call. In contrast my observations (Woodruff, 
1972) suggest that this call functions primarily in the establishment and main- 
tenance of male breeding territories. Regardless of whether the common 
vocalization is more correctly termed a mating call or a territorial call, there 
is no evidence to suggest that it could serve as a premating isolating mechanism 
between the two species. 


In conclusion, it would appear that where the ranges of these two species 
contact during March-June there will be few premating barriers to interspecific 
hybridization. 
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KNOWN INTERSPECIFIC CONTACTS 


Killara. Moore studied P. australis in the ditch along the St Ives Road 
in Killara. This site was occupied from 3rd August 1952 until 12th March 1953 ; 
‘‘ Then for a period of a month, which was very dry, the site was not visited. 
On April 13 and 14 there was rain, and on April 15 the site was checked. 
Pseudophryne males were calling, and with the removal of about an inch of mud, 
four nests were found, but the frogs with them were Pseudophryne bibroni. 
No Pseudophryne australis were found”? (Moore, 1961 : 236). I searched in the 
few remaining ditches along St Ives Road in June, 1967 but no Pseudophryne 
were found. Attempts to locate Pseudophryne in other areas of possible inter- 
specific contact in the suburbs of Sydney (Manly, Lindfield, Mosman) also 
proved unsuccessful. 


Wishing Well State Forest. In the hills about 16 km W of Morisset, at the 
northern limit of the known range of P. australis, the two species apparently 
are sympatric. I collected a juvenile P. australis-like toadlet in the forest 
7:3km W of Cooranbong on 15th June 1967. Jacobson’s (1963b) work on 
rates of development suggests that in this area P. australis bred six months 
earlier. On 22nd May 1969 I found an adult P. bibronii within 0-3 m of the 
initial collection site. Although no other Pseudophryne were found at this 
site on either occasion specimens were collected at two nearby sites on 23rd 
May 1969. Four male P. bibronii found at 4-2 km W of Cooranbong had unusual 
red patches on the upper surface of their arms, thighs and dorsum. Two of 
these males were attending batches of 37 and 38 eggs respectively. The embryos 
developed normally, hatching at stage 26-27 and experiencing 5-4 and 2-6% 
embryonic mortality. Another male P. bibronii was collected 10-6 km W of 
Cooranbong and had normal pigmentation. This animal was associated with 
79 eggs which hatched at stage 27 and experienced 4-1°% embryonic mortality. 
Embryonic mortality in P. bibronii is typically less than 5°% (range 0-11°%) 
(Wocdruff, 1976). 

Gosford. P. australis occurs in the sandstone country around Gosford, and 
P. bibrenti occurs on the hills to the north-west of the town. On the Old Gosford 
road (which climbs from the Pacific Highway in the valley 2-5 km W of Gosford 
to Somersby, 6-5 kin to the north), the two species were found within 1-3 km of 
one another. On 21st—22nd May 1969, P. australis was collected at sites 0-3 
and 1:3km N of the Pacific Highway ; P. bibroni was found 2-6 and 3-4 km 
N of the same highway. Sandstone outcrops at the three localities closest to 
the highway. The two specimens of P. bibronti coliected on sandstone, 2-6 km 
N of the highway, had unusual red spots on the dorsum and across the back 
of the thighs. A batch of 110 eggs collected with one of these males hatched 
at stage 27 and showed very high (40%) embryonic mortality. 0-8 km further 
north on the Old Gosford road four typical P. bibroni were found together with 
two batches of unattended eggs. Both batches were typical of P. bibroni 
comprising 68 and 377 embryos that hatched at stage 27 and exhibited 1-4 
and 4:0% embryonic mortality respectively. (See Woodruff (1976b) for a 
discussion of the large batch: a result of multiple mating at a single uest-site.) 
At the time these observations were made P. bibronii were calling and mating 
in this area; P. australis were not breeding ; males were solitary and hidden 
beneath leaf litter away from the presumed breeding sites. 

Menu. Near the village of Menai, 24 km 8S of Sydney, I discovered a 
population exhibiting far greater colour intermediacy than any previously 
reported. The area is shown in Figure 3. P. bibronii occurs on the shale capping 
at Menai (Thorpe’s Meadow, Locality E), and on a sandstone ridge (Localities 
D, B) that runs north towards Alford’s Point. P. australis also inhabits this 
ridge. At Locality A on 27th May 1968 a large sample of Pseudophryne (51 
males, 2 females) with intermediate coloration was obtained from beneath 
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Fig. 3. Distribution of P. australis (open circle), P. bibronii (closed circles), 
and an intermediate population (half-closed circle) near Menai. Locations A-E are 
discussed in the text. 


rocks around a small shallow pond. The site was revisited on 21st May 1969 when 
five P. bibronii-like males were found. On that occasion two male P. bibronii 
were found in a shallow depression about 100 m further east (Locality B). In 
the following detailed analyses the two samples from Locality A at Alford’s 
Point will be referred to as AP-1968 and AP-1969 respectively. 
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THE ALFORD’S POINT CONTACT 


Coloration. All 53 specimens in the AP-1968 sample were scored (Table 3,4) 
using the character or hybrid index system (Table 1). 75° (40/53) of the toadlets 
have coloration atypical of P. bibronii and tending towards that of P. australis. 
51% have some P. australis-like red markings on the dorsum; 6% have P. 
australis-like red patches on the head ; 40% have upper arm patches that are 
atypical ot P. bibronw (in either size or colour) ; 6% have unusual patches in 
the post-femoral area; 36% have supracloacal markings that are atypical of 
P. bibronvi ; and one animal has a broad P. australis-like coccygeal stripe. 


In contrast to the pattern of colour intermediacy described above, the 
AP-1969 sample comprised five specimens of typical P. bibronii with character 
indexes of zero. The two males collected nearby (Locality B) at the same time 
were also very close to typical P. bibronii having character indexes of two 
(presence of large red arm patches). Similarly 27 of the remaining 29 P. bibronw 
collected at Localities D and E showed no atypical coloration ; the exceptions 
were two males with large arm patches from Thorpe’s Meadow (character 
indexes =1, 2). 


TABLE 3 


Summary of the variation in coloration of 53 Pseudophryne specimens collected at Alford’s Point 
(Locality A) in 1968 


Character P. bibronii-like Intermediate P. australis-like 
Dorsum he Ws 26 13 14 
Head .. as si 50 2 1 
Upper arm .. sy 32 21 (11+10) 0 
Post-femoral mark .. 50 3 0 
Supracloacal mark .. 34 10 9 
Coccygeal marlx se 52 — 1 


Morphometrics. The adult males in AP-1968 and AP-1969 were measured 
for the same ten variables that were employed in the analysis of interspecific 
differences presented above (Table 5). It is difficult to see the overall pattern 
in such a matrix, but mean values for AP-1968 lie between those of P. australis 
and P. bibronti for seven variables out of ten. In the three remaining variables 
(tibia, head length, and toe 4 lengths) the AP-1968 sample mean value lies only 
slightly outside the range between the mean values of P. australis and P. bibronii. 
The univariate analysis suggests that the Alford’s Point animals are of inter- 
mediate size and shape. The matrix of coefficients of variation (Table 6) shows 
that the level of variability for any individual character is roughly similar in 
all samples. Notably, the samples of intermediate morphology do not exhibit 
generally higher (or lower) levels of morphometric variability. 


Such multivariate data are more appropriately treated by various multi- 
variate statistical techniques ; I performed a canonical analysis to establish 
a discriminatory topology for these four groups. The stepwise discriminant 
analysis involved the use of program BMDO7M (Health Services Computing 
Facility, University of California, Los Angeles, 1973) and the matrix of factor 
patterns was calculated using program D/DA (John Rhoades, Harvard 
University). 

The results of the multivariate discriminant analysis are shown graphically 
in Fig. 4. The group (sample) centroids and the 112 individual specimens are 
plotted against the first two canonical axes. The first canonical variate accounts 
for 74% of all information, the second for 20%, the third for over five of the 
remaining 6°. Projections on the first axis, the best multivariate discriminator 
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TABLE 4 
Summary of the variation in coloration of 53 Pseudophryne specimens collected at Alford’s Point 


(Locality A) in 1968 


Character 
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Key : 1. The number of specimens (N) with each combination of character states are indicated. 


2. Characters are as described in Table 1 except that the two intermediate states of character 
3 are grouped. 


3. B-=P. bibronii-like ; 
{=intermediate ; 
A=P. australis-like. 
4. The character or hybrid index is based on scores shown in Table 1. 


TABLE 5 


Mean values for P. australis, P. bibronii, and two samples from Alford’s 
Point, in mm 


P. australis AP-1968 AP-1969 P. bibroni 


Variable N=30 N=51 N=5 = 26 
Body length .. 20-58 22-13 24-24 24-69 
Tibia length . . 7-07 6-83 7-48 6-88 
Head width .. 6-64 6-79 7-02 7-16 
Head length .. 5:04 5-58 5:61 5-49 
Toe 1 length .. 1-02 1-10 1-03 1-15 
Toe 2 length .. 1-58 1-63 1:71 1-86 
Toe 3 length .. 2-54 2-54 2-64 2-89 
Toe 4 length .. 4-65 4-62 4-90 4-82 
Toe 5length .. 1-61 1-67 1-63 2-00 
Foot length .. 6-91 6-93 7-32 7-17 
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among groups, displays the expected pattern of intermediacy in the Alford’s 
Point samples. The morphometric positions of the AP-1968 and AP-1969 
group centroids lie almost exactly halfway between the group centroids of the 
homospecific samples (high projections) and the Alford’s Point samples (low 
projections). Considering all axes simultaneously, Mahalanobis’ generalized 
distances between the various group centroids can be calculated. The AP-1968 
sample is again approximately equidistant from the homospecific sample centroids: 
D, (AP-1968 to P. australis) =2-78 : D, (AP-1968 to P. bibroniz) =3 - 28. 

The matrix of factor patterns (Table 7) gives the correlations between 
the ten original variables and the three main discriminant functions ; from 
it we can assess the patterns of covariance that determine differences among 
samples. Body length and toe 5 length have high correlations with the first 
axis ; these two measures vary independently of one another (r=0-0962). It 
may be recalled that these are the variables that had the highest F-ratios as 
univariate discriminators. Only one variable (head length) has a high correlation 
with the second axis and it too had a high F-ratio as a univariate discriminator. 
Body length and tibia length are highly correlated with the third canonical 
variate. 

TABLE 6 
Coefficients of variation for samples described in Table 5 


Variable P. australis AP-1968 AP-1969 P. bibronia 
Body length 6-66 4-65 8-54 6-12 
Tibia length 2-83 5:27 4-95 6-25 
Head width 6-63 5-89 9-12 5-17 
Head length .. 7:14 5:20 8-38 6-74 
Toe l length .. 9-80 11-82 5:83 8-70 
Toe 2 length .. 6-96 8-59 14-04 10-22 
Toe 3 length .. 8-66 7:87 6:44 9-00 
Toe 4 length .. 5:59 6-71 4-08 8-71 
Toe 5 length .. 9-32 9-58 3-68 9-00 
Foot length 5:07 5:34 2-87 7-67 


I conclude from this discussion that the Alford’s Point samples are 
morphometrically intermediate between P. australis and P. bibronit. Still 
further support for their hybrid nature comes from the fact that they lie displaced 
to one side of the line in phenetic hyperspace that joins the two parents. 
Whitehouse (1969), working with strains of barley and beans, found that F, 
interstrain hybrids typically lay midway between their parents but displaced 
laterally about 35%, of the interparental distance. Displacement was rather 
less for F, hybrids. In the present case the group centroids for AP-1968 and 
AP-1969 lie about halfway between the homospecific sample centroids and are 
offset 30-40%. Sneath and Sokal (1973) have reviewed some genetic and 
mathematical reasons for this displacement. 

Coloration and morphometric considered simultaneously. It is pertinent to 
inquire whether there is any relation between a specimen’s position in the dis- 
criminatory topology (Fig. 4) and its character index based on coloration. To 
answer this question the distance (in three-dimensional space) between each 
individual specimen and the P. australis group centroid was first calculated. 
Considering all 51 specimens, the correlation coefficient between distance (x) 
and character index (y) was 0-009. A straight line with a slope y=2-017+ 
0-20x was fitted to the data points by the least squares method. The coefficient 
of determination (r?=0-00008) indicates that the regression line has very poor 
‘“* soodness of fit’. I conclude that measures of intermediacy based on coloration 
and morphometrics vary independently of one another. 
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Other aspects. All adults collected at Alford’s Point appeared normal in 
health and behaviour. The collection of one male with a malformed foot is 
not judged unusual; I found such specimens at low frequency in samples from 
throughout the range of Pseudophryne. Internal anatomy of eight males and 
three females from AP-1968 was examined macroscopically. Testes were found 
to be more variable in both size and colour than similar samples of homospecific 
Pseudophryne trom south-eastern Australia. Considerable variation was also 


SECOND CANONICAL VARIATE 
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Fig. 4. Discriminatory topology for the four samples of Pseudophryne described in Table 5. 
Asterisks indicated sample centroids. The symbols indicate the positions of the imdividual 
specimens. Open circles represent specimens of P. bibronii ; closed circles, P. australis ; circles 
with right side closed, AP-1968 ; circles with left side closed, AP-1969. 


found in the ova dissected from three females. One female contained 203 
relatively small ova (mean ovidiameter: 1-88 mm; range: 1-7—2-0 mm), 
typical for P. bibronii from eastern New South Wales. In another female there 
were 47 ova (mean ovidiameter: 2-28mm; range: 2-:2-1-4mm). In ‘the 
remaining female a distinct size difference was noted within the group of 45 non- 
ovarian eggs: some were relatively small (x,,—2-27 mm; range: 2-0-2-4 mm) 
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TABLE 7 
Factor pattern for the first three canonical axes 


Variable Axis | Axis 2 Axis 3 
Body length .. 0: 6581 —0-0655 0- 6035 
Tibia length .. —0- 1009 —0- 2428 0-7286 
Head width .. 0- 2626 —0-0879 0- 1909 
Head length .. 0- 2590 0-5548 0-2188 
Toe 1 length .. 0: 2329 0-1017 —(0- 2204 
Toe 2 length .. 0-3890 —(0- 2499 0-0982 
Toe 3 length .. 0- 3302 —0-3516 0-0311 
Toe 4 length .. 0-1109 —0- 1641 0-3034 
Toe 5 length .. 0-5122 —0-3605 —0- 2802 
Foot length .. 0-1365 —0-1118 0-3558 


while others were large (x,;=2:95; range: 2-8-3-0 mm) like those of P- 
australis. 

I'wo batches of eggs from Thorpe’s Meadow (Locality E) hatched after 
about one month at stage 27 (at 16°C). Batch sizes and embryonic mortality 
(73 ; 8-2% ; and 109 ; 4-6%) were characteristic of typical P. bibroniz. Tadpoles 
developed slowly and two metamorphosed about five months after collection. 
Juvenile coloration was typical for P. bibronii. Batch size in the eight batches 


collected at the AP-1968 site ranged from 10-85 (x=48-3) eggs. They were 
thus smaller than expected for P. bibronw (typically 80 eggs) in this area. 
Embryonic mortality was normal in six batches (0-0-6-8°%), and slightly 
higher in two batches (16-6% in 72 eggs ; and 40% in 10 eggs). 


DISCUSSION 


here are at least two explanations for these observations and at the outset 
it should be emphasized that they are not mutually exclusive. First, as Jacobson 
(1963a) suggested, interspecific hybridization may be occurring in some areas. 
Hybridization could account for the intermediate coloration of P. bibronw in 
Wishing Well State Forest, Gosford and Menai. Variation in coloration of 
the presumed hybrids is similar in many respects to that seen between the 
various subspecies of the salamander Ensatina eschscholtzii (Stebbins, 1949 ; 
Brown, 1974), and between the various colour morphs of Salamandra salamandra 
and Ambystoma maculatum (Noble, 1931). Hybridization could also account 
for the unusual nature of the testes and ova of AP-1968 specimens. The strongest 
evidence for this interpretation, however, is provided by the morphometric 
analysis. In this context it is worth mentioning that no special significance 
is attached to the lack of increased variability in the AP-1968 sample. While 
some workers (see Mayr, 1963, for a review) have held that hybrid populations 
are typically more variable than homospecific ones, there are many cases where 
this is not so (Simpson et al., 1960; Sokal and Rohlf, 1969). More recently 
Endler (1977) has shown that, despite longstanding claims to the contrary 
(see, for example, Mayr, 1963), levels of variation cannot be employed to distin- 
guish zones of primary hybridization from zones of secondary hybridization. 

An alternative explanation of the unusual coloration of the specimens of 
P. bibronti found on sandstone at the sites described above is that they 
represent the products of convergent evolution. Thus, the red markings and 
smaller egg batch size, which are presumably at a selective advantage in P. 
australis, may also be selected for in P. bibronii living in the same habitat. While 
I favour the hypothesis of interspecific hybridization in the case of the Alford’s 
Point samples, I cannot exclude the possible effects of convergent evolution 
either in this case or at the other two sites I have studied. 
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The problem of P. australis coloration has several aspects which will be 
discussed here as they have a bearing on the hypothesis that the orange and 
red marks on the dorsal surface of P. bibronii in this area evolved by convergence. 
First, it should be remembered that organisms that lack colour vision probably 
perceive the red patches only as dark grey markings on a black background. 
In their case the large white patches on the upper arms and thighs of P. australis 
may be far more conspicuous. These patches tend to disrupt the outline of 
the animal’s body against its background. Similar patterns are seen in P. 
dendyi and Kankanophryne occidentalis, and are most highly developed in the 
eryptic P. corroboree (Woodruff, 1972; 1975). Elsewhere in the Amphibia a 
strikingly similar case is described by Stebbins (1949) and Brown (1974). The 
red or orange patches on the dorsal surface of P. australis will, however, be 
perceived as such by a variety of diurnal animals including some insects, reptiles, 
birds and primates. The coloured markings could serve two purposes in this 
context. First, the markings disrupt the outline of the animal in the leaf litter 
and should contribute significantly to the animal’s overall erypsis if it is uncovered 
during the day. Second, it is possible that P. australis is a mimic in a Batesian 
mimicry system; and that its red patches are modelled on similar coloration 
in some distasteful or obnoxious organism. The only candidate for the model 
I encountered was the cockroach Polyzosteria limbata Burmeister, which when 
disturbed raised its wings and abdomen, exposing striking yellow-orange markings 
beneath. These insects were common enough among the leaf litter to serve 
as a model for non-breeding (dispersed) P. australis. This species is presumably 
protected by abdominal stink glands as are many other cockroaches. H. G. 
Cogger, to whom I am indebted for the identification, advises that this insect 
extends from the Clarence River to Mallacoota, and as far west as Orange, but 
appears to be most abundant in the Sydney region (Cogger, in litteris, 1976). 


Clearly, additional field work will help resolve the various questions raised 
in this paper. In this connection several points must be made _ First, it is 
most unlikely that short-term studies of the type made by Moore and myself 
will answer these questions. The change in the coloration of the Alford’s Point 
population between sample AP-1968 and AP-1969 indicates the importance 
of planning studies of several years duration. It is quite possible that inter- 
specific hybridization, if it does occur, occurs on a limited basis. As Loftus-Hills 
(1975) has argued for the case of Bufo americanus and B. woodhousii, environ- 
mental conditions may be such that there is no overlap in breeding season in 
some years. In this case one would expect considerable variation in the frequency 
of hybridization over a period of a few years. The same may apply to P. australis- 
P. bibronuvi and underscores the need to define more precisely the breeding seasons 
of these two species in the Sydney Basin area. Another point that must be 
borne in mind in planning further studies on this problem is that hybridization 
is probably restricted to very localized areas. Available data suggest that it 
is typically P. bibroni that is encroaching into the range of P. australis. Para- 
patric hybridization (sensu Woodruff, 1973), when it occurs is probably restricted 
to a very narrow zone. The role of man in increasing the possibilities for 
interspecific contact in historical times must also be kept in mind. All the 
sites of contact described here have been altered by human activities. 
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In the domestic annals of the Linnean Society of New South Wales, three 
names deserve particular honour—Macleay, Fletcher and Walkom. Sir William 
Macleay, our founding president, through his munificence made the society 
financially viable in its first century; J. J. Fletcher and, later A. B. Walkom 
more than any others in that time made it work. Fletcher, of course, was 
chosen by Macleay (in the early days he even paid Fletcher’s salary) to run 
the society from day to day which he did first as Director and Librarian (1886- 
1892) and from 1893 to 1919 as Secretary. When Fletcher retired, the council 
selected as his successor a young and active geologist from Brisbane, a man 
who while still a Sydney undergraduate in 1909 had joined the society. Dr. 
A. B. Walkom thus came on council as an ex officio member to begin a career 
that has broken all records. Excepting only that of Macleay Bacteriologist, 
no post honorary or salaried in the appointment of the society was not at some 
time held by him. When he withdrew from active membership of council in 
1972 he had completed 53 years of unbroken service. In recognition of this 
extraordinary record he was accorded the then unique title of councillor emeritus 
and so continued an association with council. It had lasted 57 years when he 
died after a short illness in Sydney on 2nd July 1976. 


Arthur Bache Walkom was born at Grafton, N.S.W., on 8th February 1889. 
While still a boy his family removed to Sydney where Walkom attended the old 
Fort Street Model School, excelling scholastically as well as in cricket and Rugby. 
Sport remained a matter of keen interest throughout his life. For many years 
an enthusiastic tennis player, he served from 1924 to 1935 on the council of 
the N.S.W. Lawn Tennis Association ; later he became a devotee of the SEOs 
of bowls and an ardent follower of televised cricket tests. 


Walkom’s interest in natural science similarly dated from his youth. His 
father, an engineer and keen amateur of conchology, regularly attended meetings 
of the Naturalists’ Club, often taking his son with him. Like so many young 
men of his time who went on to the University of Sydney to study science, 
Walkom fell under the spell of Edgeworth David and elected to take up geology. 
He graduated early in 1910 gaining First Class Honours in Geology and 
Mineralogy (sharing the University Medal with W. R. Browne) and Second 
Class Honours in Chemistry. Walkom managed to beat Browne for the only 
geological post then available, that of junior demonstrator in the Sydney depart- 
ment, and continued thus until 1st April 1912 when he became yea Macleay 
Fellow i in Geology. 


In the present age of specialization, students of geology even as under- 
graduates tend to opt for some particular aspect of their subject. It was not 
so in David’s time. Walkom’s earliest publications cover a remarkable spread— 
from a fossil coral from Yass to a study of the petrography of volcanic rocks 
and sediments of the Pokolbin area, undertaken with W. R. Browne. There 
was also finished in 1911 a useful paper on the petrography of samples collected 
during the Shackleton expedition and brought back by David. For that work, 
and for another contribution (by W. G. Woolnough) to the expedition reports, 
Walkom and his friend and contemporary graduate G. J. Burrows (1888-1950), 
later Senior Lecturer in Chemistry at the university, learned the discipline 
of silicate analysis, thereby contributing some of the earliest chemical data for 
Antarctic rocks. 
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As Macleay Fellow, Walkom began an ambitious study of what were then 
termed Permo-Carboniferous (now Permian) rocks in Australia and Tasmania, 
giving particular attention to problems of palaeogeography of the period. The 
work had not ranged much beyond the area about Maitland and Singleton when 
the offer of an assistant-lectureship in Geology at the University of Queensland 
led to resignation of the fellowship at the end of February 1913. Of the papers 
resulting from that short tenure, two, in particular, still command interest— 
that on the Maitland-Branxton district with its detailed faunal lists for the 
marine Permian beds and that on the Permian inlier known as the Cranky 
Corner basin. Walkom’s debt to Edgeworth David, who had pioneered study 
of the coal-bearing succession in the Hunter valley when an officer of the N.S.W. 
Geological Survey, is explicit in these studies as is acknowledgement of the 
guidance of W. 8S. Dun*, palaeontologist to the Survey and part-time lecturer 
at the university. 

Although brief, Walkom’s term as Macleay Fellow was decisive in his 
research career. Petrology and chemistry were set aside; henceforth the 
problems of palaeontology, stratigraphy and palaeogeography became principal 
interests. 

Moving to Brisbane in March 1913, Walkom found a small department 
with only a handful of students. The first lecturer (H. C. Richards, later 
professor) had been appointed only two years before so there was still much 
to be done by way of establishing an effective regime for teaching. Walkom 
took over all the senior teaching in palaeontology as well as some of the more 
general courses and did much towards organizing collections for instruction 
and research. Walkom realized at this time a particular need for Australians 
to develop expertise in fossil botany, a field relatively neglected here. Whereas 
much notable work had been done on fossil animals, vertebrate and invertebrate, 
the literature on Australian plant fossils was limitedt and much of it based on 
studies overseas; the names of Ettingshausen and Feistmantel come to mind 
as representative of such foreign contributors to our palaeobotany. Of course, 
von Mueller in Melbourne had worked on fossil as well as extant plants but 
his palaeontological interests had been concentrated on Tertiary problems. 


The Mesozoic flora of Queensland, little known except that it was prolific, 
gave Walkom scope to learn the skills whereby he became the leading Australian 
palaeobotanist of his time. His work on the Mesozoic plants, much of it published 
by the Queensland Geological Survey, formed part of the thesis Geology of the 
Lower Mesozoic rocks of Queensland, with special reference to their distribution 
and the correlation of their fossil flora for which he earned the Sydney D.Se. with 
University Medal in 1918. Meanwhile, in 1915 he had become Honorary 
Palaeontologist to the Queensland Museum and was already an active member 
of the local Royal Society. He edited that society’s Proceedings from 1914 
to 1919, served as its Honorary Secretary 1916-18 and, aged 29 years, became 
President in 1918. 


His presidential year had hardly expired when he accepted the post of 
Secretary or chief executive officer of the Linnean Society, then still installed 
at the Linnean Hall in the grounds of Elizabeth Bay House. In those surround- 
ings, with Fletcher as his first president, and with the centenary of Sir William 
Macleay’s birth to be celebrated by the society in June 1920, Walkom could 
scarcely avoid immersion in Macleay and society history. His mastery of these 
subjects was soon challenged by the call to prepare a jubilee publication to 


* Dun was a councillor of the Linnean Society of New South Wales from 1901 to 1919 and 
president 1913-15. 

+ The pioneering studies of our coal plants by such local men as Tenison Woods, Etheridge 
and Dun ought, however, to be acknowledged. 
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celebrate the society’s first fifty years; that admirable review appeared in 
1925. Diplomacy as well as history was needed to edit the second part of 
Fletcher’s address on our heritage from the Macleays. That part dealing with 
Alexander Macleay and his sons William Sharp and George had appeared in 
1920. But as Fletcher approached the work of Sir William Macleay, problems 
arose. Fletcher knew the man and his times too well to be dispassionate and 
in his address delivered broadsides against persons and institutions which, if 
committed to print, might have had unfortunate consequences. The council 
beeame decidedly concerned but was saved embarrassment by Fletcher’s failure 
to complete copy for the printer. Yet there was so much of vital interest to 
the society in what Fletcher remembered and in the papers Sir William Macleay 
had entrusted to him. After his death in 1926 and with the generous co-operation 
of Mrs. Fletcher, Walkom was able to edit the material which appeared in our 
Proceedings in 1929. If it lacks the more fiery sections, the printed text is 
packed with detail of great importance for those seeking to discover the pattern 
of natural history and its exponents in late 19th-century Sydney ; it is a monu- 
ment to Walkom’s tact and sense of history. 

Walkom’s secretarial duties included editing the Proceedings in addition to 
all the other manifold executive tasks. The compilation of an exemplary Index 
to the first 50 volumes of the Proceedings became something of a spare-time job 
that bore fruit in 1929. How he found time for all he did remains a mystery to 
this writer yet not only did he manage successfully but also kept up an admirable 
flow of research and, in addition, provided essential support for other scientific 
groups. 

As Sydney grew and spread the location of the Linnean Society at Elizabeth 
Bay made it difficult of access to an increasing number of members. In 1923, 
property, then subject to lease, at 16 College Street in the city was purchased. 
A year later the lessee sought release and the council had no option but to occupy 
the premises. Walkom, of course, organized the transfer to what became known 
aS Macleay House. Experience then must have helped him achieve an equally 
efficient move to Science House at 157 Gloucester Street in 1931. 


Walkom’s work as a palaeobotanist was recognized in 1926 by the Rockefeller 
Foundation of New York which awarded him a one-year fellowship in Biology. 
Council agreed to his taking leave for the period, nine months of which were 
spent at the Botany School in Cambridge working under Professor A. C. (later, 
Sir Albert) Seward, one of the leading palaeobotanists of his time. Among the 
other places visited then, Walkom made a pilgrimage to Sweden, to see the 
gardens and museum at Hammarby. A framed enlargement of one of his 
photographs of Linnaeus’s gardens there used to add interest to the walls of 
the society’s meeting room, in those more expansive days when we had one of 
our own. Walkom’s later journeys abroad, such as those to South Africa in 
1929 for the meetings of the British Association for the Advancement of Science 
and the 15th International Geological Congress, and to Washington, D.C., in 
1933 for the 16th Congress, resulted from official invitations to attend as an 
Australian delegate. 


Such invitations acknowledged Dr. Walkom’s stature as a scientist and his 
already-impressive role as an organizer of scientific activities in Australia. 
It is worth recalling the unusual position the Linnean secretary then occupied 
in Australian science. Thanks to the Macleay gifts, our society alone of scientific 
associations in this country had the means to employ a professional man of 
science as its executive officer. 

Long before Australia became a nation, an association of scientists from 
the various Australian colonies and New Zealand had been formed to arrange 
regular congresses and to co-ordinate activities. The Australasian Association 
for the Advancement of Science (later, the Australian and New Zealand 
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Association . . . or ANZAAS) began this work in 1888. It continues to act as 
a forum but throughout its long history has had to depend on the professional 
leadership of honorary officers. The same problems beset the Australian National 
Research Council appointed by the council of the Australasian Association in 
1921 following suggestions made at conferences in Kurope during 1918-19 that 
an International Research Council be established with which national councils 
in participating countries would be affiliated. On a slender budget the ANRC 
did valuable work until the Australian Academy of Science emerged to take 
over its role. 


Walkom became an associate member of the AN RC in 1922 and a full member 
three years later. From the outset, he demonstrated not only his own personal 
sense of responsibility to science but also the great opportunities for good 
created by Sir William Macleay. In 1922 the ANRC established the series 
Australian Science Abstracts ; Walkom accepted the task of editor and continued 
to organize publication of the abstracts until 1929. The Guide Books prepared 
for the Pan-Pacific Science Congress in Australia, 1923, were also edited by 
Walkom. He served as Honorary Secretary of the ANRC from 1937--40. Even 
more impressive was his honorary service to the Australasian Association (or 
ANZAAS). That body profited from his devoted work as Honorary General 
Secretary from 1926 to 1947 during which time he became the founding Honorary 
Editor of the Australian Journal of Science. Walkom had been an annual 
member of the association since 1909, a fellow since 1939 and in 1955 became 
an Honorary Life Member. He acted as a Trustee from 1930 to 1971. He 
served as President of the association (1949-51) which acknowledged a record 
of unrivalled generosity of time and effort in the award of the ANZAAS Medal 
for 1970. 


In April 1939, Walkom became an elective Trustee of the Australian Museum 
in Sydney but resigned about a year later following his decision to seek the 
directorship soon to be vacant through the retirement of Dr. Charles Anderson. 
His application successful, Walkom took over in November 1940 having resigned 
the Linnean secretaryship as from 31st October after 21 years of Joyal service. 
Characteristically, he offered to continue as Honorary Secretary until « successor 
could be found. That offer was accepted and so Walkom remained on council 
but now as ap ordinary member. Walkom had to endure some unusua) problems 
connected with his new appointment. The fact that a man outside the public 
service of N.S.W. had been chosen as Director of the museum attracted protests 
from those in the system who felt they had qualifications requisite for the post. 
The Public Service Association took their grievances to the highest levels of 
government and although the association was careful to disclaim any personal 
animus against Dr. Walkom, arguing only on what it urged was a matter of 
principle, its actions and those of the colleagues that initiated it made life 
difficult during the new director’s first months at the museum. The protests, 
in fact, were disallowed but Walkom needed a fine sense of diplomacy to weather 
the storm. 


The transition from an office with a staff of one assistant secretary at the 
Linnean Society to the responsibility for a large public institution with an 
already-considerable staff (there were sixteen on the scientific staff alone !) 
would have been sufficiently difficult without the baptism of fire. Walkom 
responded with his usual dedication but it must be admitted that his efforts 
were not always regarded sympathetically. A naturally shy man, he seems to 
have maintained a rather solitary role at the museum, a role that attracted 
criticism from his staff but which may well have been a response to his initial 
experience there. Walkom, above all, was a fair-minded man, not one to engage 
in domestic politics. His museum critics also pointed to a conservative judgement 
and what they saw as reluctance to press the needs of the museum upon its 
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covernment masters. It would have been quite out of character had he attempted 
the stance of a noisy lobbyist but perhaps the absence of noise reflected no 
more than a realistic view. The critics ought to be aware that his directorate 
(he retired early in November, 1954, just short of his 65th birthday) began 
during war-time and ended while recovery from the war was still advancing. 
Museums and kindred cultural institutions like libraries held pretty low priorities 
in government budgets ; it would have been useless of the director to demand 
more in such circumstances. Walkom kept intact an active, effective museum 
system on which his successors, profiting from an expanded economy, have 
built and attracted kudos for it. Walkom’s trustees at the museum had good 
reason to express regret when he announced his intention to retire; their view 
that his services had been of great value was entirely justified. Those services, 
in fact, ranged far beyond the museum. From 1947 to 1954 he was member 
both of the Australian UNESCO Committee for Museums and the Australian 
National Advisory Committee for UNESCO. Work for UNESCO took him 
as an Australian delegate to that organization’s general conference at Beirut in 
1948. Later, as an official delegate he represented Australia at Science congresses 
in New Zealand (1949) and at Bangalore, India (1951). 


Walkom’s devotion to our society did not subside during those years at 
the Australian Museum. After a term as President (1941-42), he accepted the 
office of Honorary Treasurer in 1943 and remained so until advancing years 
forced him to seek release in 1970. For much of that time there were added 
also the duties of Honorary Secretary (editorial). Something of a crisis had 
faced the society early in 1951 when at short notice Dr. Dorothy Carroll resigned 
as Secretary. Post-war inflation was already eroding the capacity of our 
financial resources to maintain the many services members had come to expect. 
It was all too clear to council that the society could no longer afford a full-time 
paid professional Secretary. At that point two senior councillors, Drs. W. RB. 
Browne and A. B. Walkom, offered their services as joint honorary secretaries, 
offers that were gratefully accepted. Walkom, still at the Museum and already 
Honorary Treasurer, agreed to take over editorial matters; Browne became 
responsible for the other secretarial duties. That happy arrangement for the 
society continued until 1966 ; both men generously resumed the work for a few 
months during another emergency in 1969. At the end of that run, Walkom 
had edited the Proceedings for a total of 36 years. As members today look upon 
current issues and are reminded of famine-victims they must long for a return 
to volumes as thick and as scrupulously edited as those that came across Walkom’s 
desk. 

Had the Linnean Society of New South Wales any medals to bestow, Walkom 
would have been among the first recipients. Others made up for our inability. The 
ANZAAS Medal was mentioned earlier. From the Royal Society of New South 
Wales, of which he had been a member 1911-12 and since 1919 as well as President 
(1943-44), Walkom received the Clarke Medal (1948) for his researches in palaeo- 
botany and the society’s own medal (1953) for contributions to the organization 
of science in Australia. He was also holder fo the George V Jubilee Medal, the 
George VI Coronation Medal and the Elizabeth II Coronation Medal. Such 
awards were made to distinguished citizens by governments celebrating particular 
events. That the first two came to Walkom while he was Secretary of the 
Linnean Society reflects perhaps a little on the then distinction of the office 
as well as the officer. That thought made more sense to the writer when, sorting 
Dr. Walkom’s private papers kindly put at his disposal by Miss Margaret Walkom, 
he found extracted from the Sydney Morning Herald a piece dealing with the 
salubrious areas of the North Shore district in Sydney. The journalist who 
contributed the piece awarded the palm for “‘ poshness ” to Killara and of the 
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distinguished residents of that select suburb, the Secretary of the Linnean 
Society had first mention ! 


Dr. Walkom, indeed, brought honour to our society. He did it quietly, 
unobtrusively. He did it through the remarkable amount of work he completed 
on behalf of the Linnean Society and other associations. And he managed it by 
dedication and wonderfully ordered habits. He had his routines and systems 
and kept to them. At meetings he rarely spoke except when presenting matter 
relating to his office and then the quiet, deep voice gave incisive utterance 
interspersed with almost nervous little coughs. One got the impression, even 
in his later years after such long experience, that he much preferred work to 
talking about it. Yet behind the formality and diffidence lay warm friendliness. 
He knew how to relax, preferably with a pipe and a glass of Scotch, and, if 
rarely expansive, he could nevertheless be induced without too much prompting to 
pass on fascinating stories of Australian scientists, science and societies. And 
the stories all seemed generous; one does not recall him ever sounding sour 
or disgruntled. 


Not surprisingly, as his administrative duties increased the time he could 
-devote to palaeobotany diminished. If with his presidential address to ANZAAS 
in Hobart during 1949, the flow of original scientific publications came to an 
end, the work did not. In response to pressing invitations, chiefly from com- 
panies engaged in exploration for petroleum, he undertook a certain amount of 
consultancy investigations. Perhaps more recently the thrust in palaeobotany 
has turned to palynology and such aspects away from the fields of plant 
morphology and systematics that Walkom made his own in Australia but his 
place as one of the great pioneering figures in Australian fossil botany is secure. 
There is a certain irony, however, in the fact that the genus Walkomia was 
established in his honour by a Swedish palaeobotanist. But that reflects an 
international fame. 


Dr. Walkom married Miss Constance Maclean, B.A., of Sydney ; they had 
been fellow-students of Geology at the university. Of the long and happy 
marriage came two children, a son David who became an engineer and died 
while still a young man leaving a widow and infant daughter, and a daughter 
Margaret who, after an outstanding academie career, joined the CSIRO and now 
occupies a senior editorial post with the organization in Melbourne. Mrs. Walkom 
predeceased her husband after a long pericd of ill-health that required increas- 
ingly his close attention. Indeed, he was only able to attend council meetings 
latterly through the kindness of friends who would come to release him from 
his watch for a few hours. Somehow it epitomized the man— a devoted husband 
who made deep, constructive friendships and was dedicated to the interests 
of a scientific society to which he had given the greater part of his life. 


The Linnean Society of New South Wales is honoured to record its debt of 


eratitude to one who was both servant and leader. Our deepest sympathy 
goes to Miss Walkom, her niece and family. 


PORTRAIT AND Nore 


A portrait of Dr. Walkom, commissioned by the Scciety to mark completion 
of 45 years of continuous service on council and his 75th birthday, appeared as 
frontispiece to volume 89 of our Proceedings (1964). Five years later, on 28th 
May 1969, council was privileged to celebrate Dr. Walkom’s 50th anniversary 
as a councillor with a testimonial gift. 


“1 Wel shall not look upon his like again” 
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: Report on the pyroxene granulites collected by the British Antarctic Expedition, 1907-09. 


Brit. Antarct. Exped. 1907-9, Repts. Sci. Invest., Geology, 2: 161-168. 
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EVOLUTION IN THE MYRTACEAE — EVIDENCE FROM 
INFLORESCENCE STRUCTURE 
BARBARA G. BRIGGS and L.A.S. JOHNSON* 


[ A shorter treatment of the main subject matter of this paper was presented in the Presidential Address to 
the Society by Barbara G. Briggs on 23rd March, 1977] 


Synopszs 

A review of relationships of the Myrtaceae, and other families commonly referred to the Myrtales, 
results in a restricted view of the Order and tentative recognition of Lythrales as distinct. Within the 
Myrtaceae an informal classification into alliances, suballiances, and infra-alliances is presented, based on 
evidence from all available sources, particularly embryo and trichome types. Seven alliances 
(approximating to tribes) are recognized in the subfamily Leptospermoideae, and six in the Myrtoideae. 
The 144 generic groups recognized are listed, often with comment on their status and relationships. 
Realignments include the placement of Osbornia (Osbornza alliance) in the Myrtozdeae, Bastsperma in the 
Kania suballiance of the Metroszderos alliance, Eucalypropses (with Allosyncarpia) and Eucalyptus s. lat. 
(10 generic taxa) as separate alliances, Baeckea et aff. (Baeckea suballiance) in the Chamelauczum allian- 
ce, Patvaea in the Cryptorhiza alliance, and Syzygzum et aff. in the Acmena alliance (separate from the 
Eugenia alliance) . 

The primitive inflorescence in Myrtaceae follows an opposite-decussate pattern with flexibility in the 
development of apical buds of major terminal and lateral axes, these either producing vegetative growth or 
terminating in a flower; branches lateral to a flower-terminated branch also end in flowers. This flexibility 
cuts across the division of inflorescences into closed (anthotelic) and open (blastotelic) types. From a 
primitively flexible condition there has been a limitation of inflorescences (uniflorescences) to lateral or 
terminal positions, and a stabilization to anthotelic panicles or to units equivalent to the lateral branches of 
panicles. The chief trends, repeated in parallel in many groups, have been: stabilization of position and 
form, demarcation, reduction of branching, some elaboration of branching (often by accessory axes), 
phyllotactic change (from opposite-decussate to disjunct-opposite or disperse), and reduction in number 
and length of internodes. Where the branching systems of different orders are qualitatively different, a 
distinction between unzflorescence (in this case anthotelic) and conflorescence (here blastotelic) is useful. 
Many cases involve aggregation of the latter into superconflorescences. The inflorescence features of each of 
the recognized genera are summarized and some functional aspects are discussed. 

The approach to inflorescence analysis adopted rejects the typological basis of W. Troll’s system, but 
draws upon his descriptive studies and organography. Some new terms are introduced in order to permit 
more logical (but not theory-limited) description and comparison of inflorescence types. 
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2 Affinities and the systematic framework 159 
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*National Herbarium of New South Wales, Royal Botanic Gardens, Sydney, Australia, 2000. 
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1. INTRODUCTION 


A great diversity of inflorescence form is apparent in the Myrtaceae — in the 
Australian members alone, Bentham (1867) referred to panicles, corymbs, umbels, 
cymes, spikes, heads, and solitary flowers. Authors such as Bentham (1869), Merrill 
and Perry (1939), McVaugh (1956a, 1968), Carr and Carr (1959), Dawson (1968a, 
1970b, 1970c, 1972b, 1972d), and Johnson (1972, 1976) have appreciated the 
importance of inflorescence features in phylogenetic or classificatory studies in the 
family. However, the inflorescences of many genera have not been described with any 
attempt at comparative interpretation, and the extent of reduction and aggregation of 
inflorescences in many groups has not been recognized. 


We attempt here to contribute to several diverse subjects: 


(i) the probable primitive inflorescence condition in the Myrtaceae, together 
with the phylogenetic trends that have led to the present diversity ; 

(11) a survey of inflorescence features in all genera, and some review of 
phylogenetic relationships in the light of inflorescence conditions ; 

(iii) the relationships of Myrtaceae with other families and the affinities, in 
turn, of the families that have been placed in the Myrtales in recent 
systematizations of the higher-level taxonomy of the angiosperms; 

(iv) generic and suprageneric classification within the Myrtaceae; 
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(v) the systematization of inflorescence analysis and the development of 
logical descriptive terminology of inflorescences. 


Of these, (i) and (ii) are the primary aims of the study; (ili) is included to 
determine whether conditions in allied families throw light on the primitive condition 
in Myrtaceae and also for its intrinsic interest; (iv) is necessary to provide some 
systematic framework for the presentation of our findings; and (v) arises from 
problems found in applying existing systems of inflorescence analysis and description. 


The survey of inflorescence conditions in Myrtaceous genera requires 
considerable discussion both of the systematic framework and of inflorescence 
features. This necessitates a sequence of topics that is unfortunately not equally logical 
for all aspects. The affinities of the Myrtaceae and relationships within the family are 
treated first, followed by various general and particular aspects of inflorescences. 


We have examined herbarium specimens or (in a minority of genera) fresh 
material, and have recorded features from a wide and representative range of species 
of all available genera. Sometimes the observations are incomplete because the 
available material was fragmentary or very limited in range of seasonal stages or 
because the inflorescences were partially obscured in mounted herbarium specimens. 
Unfortunately we were not able to re-examine material in some cases where 
observational discrepancies or the need for changes in concept became apparent late 
in the study. Particular attention was given to species doubtfully included in the 
genera to which they are currently referred or considered by other authors to be 
aberrant. Material was studied at the following institutions: Australian and some non- 
Australian taxa at the National Herbarium of New South Wales; Central and South 
American species at the herbaria of the University of California (Berkeley), the 
Rancho Santa Ana Botanic Garden (Claremont), and the Missouri Botanical Garden 
(St. Louis); Pacific species at the Bernice P. Bishop Museum (Honolulu); and 
various groups not readily located elsewhere at the herbaria of the Royal Botanic 
Gardens at Kew and Edinburgh. We could not, in general, check the identities of the 
-many hundreds of specimens studied but these were compared with others filed under 
the same names, at specific and generic level, in an attempt to avoid gross 
misidentifications. The publications of McVaugh (1956a, 1956b, and particularly 
1968) have been of great value in the generic placement of American species. 


2. AFFINITIES AND THE SYSTEMATIC FRAMEWORK 


2.1 Which families are allied to the Myrtaceae? 

Concepts and circumscriptions of the Myrtales, and of more inclusive groups 
including Myrtaceae, have varied over the years. Here it will be sufficient to consider 
the more comprehensive treatments since the early 1960s and to set out (Table 1) the 
family placements in the systems of Melchior (1964), Cronquist (1968), Takhtajan 
(1969 and, more fully, 1970), and Thorne (1976), together with relevant indications 
of opinion by Corner (1976), in his survey of seed structure in dicotyledons, and to 
review these in the light of such other evidence as is available. The study by Young and 
Watson (1970), based on a phenetic numerical analysis without interpretation or 
reference to evolutionary direction, results in placing Myrtaceae with Cactaceae; 
Melastomataceae near Rutaceae; and Onagraceae with Convolvulaceae, Violaceae, 
Oxalidaceae, and other strange bedfellows. We cannot take this kind of arrangement 
seriously nor can we accept the methodology, the comparability or sufficiency of data, 
or the approach to the theory and practice of taxonomy embodied in Young and 
Watson’s paper. 
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TABLE 1 
Families that have been included in Myrtales 
Family Melchior Cronquist Takhtajan Thorne Corner Suggested 
Placement 

Myrtaceae M M M M “Myrt. gr.” M 
(incl. Heteropyxidaceae) 

Psiloxylaceae = — = ar = M 

Melastomataceae M M M M “Myrt. gr.” M 
(incl. Memecylaceae) 

Oliniaceae M M M M = M 

Penaeaceae Thymelae. M M M “Myrt. gr.” M 

Lythraceae M M M M “Lythr. gr.” Lythr. 

Sonneratiaceae M M M M “Lythr. gr.” Lythr. 

Punicaceae M M M M “Lythr. gr.” Lythr. 

Trapaceae M M M M “Lythr. gr.” Lythr. 

(= Hydrocaryaceae) 

Combretaceae M M M M “Lythr. gr.” Lythr. 

Onagraceae M M M M “Lythr. gr.” Lythr. 
( = Oenotheraceae) 

Crypteroniaceae M M Saxifrag. M — Lythr. 

Haloragaceae M Halorag. Hippurid. Com. “Halorag. gr.” aff. Lythr./M 
(incl. Gunneraceae?) (=Halorag.) (Lythr./M) 

Rhizophoraceae s. lat. M Corn. M Corn. “Myrt. gr.” (excl. aff. The.? 
(incl. Anisophylleaceae Legnotidaceae) (heterogeneous?) 
and Legnotidaceae?) 

Thymelaeaceae Thymelae. M Thymelae. M Thymelae. aff. Euphorbi. 
(incl. Gonystylaceae?) (aff. (aff. Malv. — or Malv. 

Euphorbi.) Euphorbi.) 

Lecythidaceae M Lecythid. M The. “Myrt. gr.” Dilleniidae? 
(incl. Barringtoniaceae) (but not typical) (not M) 

Theligonaceae M Halorag. Theligon. Rubi. aff. “Centro- Rubi. 

( = Cynocrambaceae) spermae” (in Rubiaceae) 
(Caryophyll.) 

Dialypetalanthaceae M M Gentian. ? ? = aff. Gentian. 

or Rubi. 

Cynomoriaceae M Santal. Santal. Santal. _ Santal.? (not M) 

Hippuridaceae M Halorag. Hippurid. Corn. _ aff. Solan. 

(= Halorag.) 


Comparison of suggested placement with those by Melchior (1964), Cronquist (1968), Takhtajan (1970), Thorne 
(1976), and Corner (1976). Key: M = Myrtales, other orders abbreviated by omission of ending “-ales”; Myrt. gr., 
Lythr. gr., Halorag. gr., respectively = Myrtaceae, Lythraceae, and Haloragaceae groups; “—” family not 
mentioned. Thorne treats Sonneratiaceae, Punicaceae, and Crypteroniaceae as subfamilies of Lythraceae, and 
includes Hippuridaceae within Haloragaceae. Corner regards Legnotidaceae as probably distinct from 
Rhizophoraceae and as being a doubtful member of his Myrtaceae group. 


Information on general flower and fruit morphology is largely omitted in this 
Paper, but is taken into account by us and by various authors cited. Greater detail of 
chemical, anatomical, seed, pollen, and embryological features can be found in the 
works cited in this section and in references therein. Comment on inflorescences in the 
families considered here is given in a later section (4.2) together with necessary 
discussion of their bearing on classification. 


2.1.1. Excluscons: families of distant or doubtful affinity 


Two families can readily be eliminated from further consideration. 
Hippuridaceae and Cynomoriaceae each constituted a separate suborder in Melchior’s 
system and were included by him with an expression of doubt. As pointed out by 
Hegnauer (1964: 227), the Mediterranean family Cynomoriaceae has been referred 
to Myrtales only because of a supposed relationship with Hippuridaceae. It is placed in 
Santalales by Cronquist, Takhtajan, and Thorne, though not resembling any other 
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member of that order in pollen morphology (Erdtman, 1952) and virtually unknown 
chemically (Hegnauer, 1964) ; the characters of the single species (a leafless parasite) 
show no particular resemblance to those of any supposed member of the Myrtales. 
Hippuridaceae, as Hegnauer (1966: 238, 267) very firmly states, can hardly belong 
with the Haloragaceae (or the Myrtales). The presence of pseudo-indicans (i.e. 
iridoid compounds) and absence of ellagic acid (and indeed of tannin-substances in 
general) are chemical characters strikingly different from those of all the other 
families under consideration, and appear to be of particular phylogenetic significance 
(Kubitzki, 1969). They support the relationship with Solanales indicated by Pulle 
(1952), who placed the family in a monotypic order Hippuridales (which does not, of 
course, correspond with Takhtajan’s use of “Hippuridales” for an order containing 
Haloragaceae). The unitegmic and tenuinucellate ovules are consistent with this. The 
absence of ellagic acid contra-indicates Thorne’s assignment of the Hippuridaceae to 
the Cornales. 


The monotypic Brazilian Dzalypetalanthus, treated as a separate family of the 
Myrtales by Melchior and by Cronquist, and dubiously referred to Gentianales by 
Takhtajan, is among Thorne’s few “taxa incertae sedis”; affinity with Loganiaceae or 
Rubiaceae has been suggested by other authors. Its characters (especially the 
definitely 2-seriate arrangement of rather numerous stamens, large stipules, absence 
of intraxylary phloem, and seeds with oily endosperm) do not suggest any close 
relationship with Myrtaceae, nor is there convincing evidence of affinity with other 
families listed in Table 1. Chemical information is lacking, but if ellagic acid were 
found to be absent and iridoid substances present, then an affinity with Gentianales or 
Rubiales would be supported and relationship with any “Myrtalean” group contra- 
indicated — and wee versa. 


Melchior included Theligonaceae (Cynocrambaceae) because they “show evident 
relationships” with Haloragaceae and do not belong to the Centrospermae 
(Caryophyllales) . It appears that he was correct only in the latter statement (despite 
Fakhtajan’s referral of the group to the Caryophyllidae), since morphological 
evidence (Wunderlich, 1971) indicates that the sole genus Thelzgonum belongs in the 
Rubiaceae. Support is given chemically by the presence of anthocyanins (rather than 
betalains as in the Caryophyllales) as well as of iridoid compounds (Fairbrothers et 
al., 1975, and references therein), and ultrastructurally by the existence of starch- 
accumulating (S-type) sieve-tube plastids (Behnke, 1975) as in Rubiales (and many 
other groups) rather than protein-accumulating (P-type) plastids as in 
Caryophyllidae. Iridoid substances are absent from Myrtales s. lat., but do occur in 
Cornales to which Thorne refers Theligonaceae; the distribution of plastid-types in 
these orders appears still to need investigation. 


Lecythidaceae are placed by Cronquist as an order of his subclass Dilleniidae 
(corresponding generally to Thorne’s superorder Theiflorae), and Thorne includes 
the family in his broadly-conceived Theales. Takhtajan also comments on a possible 
relationship with that group, while retaining the family tentatively in his Myrtales. 
Embryological features, centrifugal stamen development and lack of intraxylary 
phloem are all given as reasons for exclusion from the Myrtales; we have given weight 
to these features in following this exclusion. Corner, while including Lecythidaceae as 
one of his “Myrtales in the strict sense” on seed structure, also recognizes that in the 
tenuinucellate ovules and centrifugal androecium there is a resemblance to Theaceae. 
Nevertheless the Lecythidaceae lack iridoid compounds, which are present in Theales 
in the narrower sense though not in all orders of the Dilleniidae (Theiflorae) . Ellagic 
acid is present as in the Myrtales and Lythrales and also in the Dilleniales and Theales. 
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Comparative pollen morphology is as yet inconclusive (Walker and Doyle, 1975). On 
the whole it seems most likely that the Lecythidaceae belong with the Dilleniid group 
of orders. 


We would also exclude Thymelaeaceae from Myrtalean affinity, despite their 
possession of intraxylary phloem and vestured pits (characters that occur in some 
other groups as well, e.g. Asteridae, and need closer comparative histological study). 
Chemically (Hegnauer, 1973), Thymelaeaceae differ importantly from the Lythrales 
and Myrtales: they lack ellagic acid (indeed tannin-substances in general are almost 
absent), but contain characteristic coumarins. Hegnauer considers that the toxic 
substances in Thymelaeaceae indicate a metabolic resemblance of a very particular 
kind with Euphorbiaceae, and a relationship with that family is probably indicated 
despite the presence in it of galli- and ellagitannins. Corner firmly places 
Thymelaeaceae, on seed structure, in his Malvalean complex, which he relates to 
Euphorbiales and not to the Dilleniid group. Takhtajan likewise suggests a 
Euphorbialean affinity for Thymelaeaceae, and palynology “helps to confirm the 
relationship”, though particular resemblances must be due to parallelism (Walker 
and Doyle, 1975). Gonystylus, included by most recent authors in Thymelaeaceae, 
lacks intraxylary phloem, but shows some general anatomical resemblances to 
Thymelaeaceae (Metcalfe and Chalk, 1950) ; it is little-known chemically (Hegnauer, 
1966), but, whether or not it is segregated as Gonystylaceae, it has no particular 
bearing on the relationships of Myrtales. 


To us, the various groups assigned to Rhizophoraceae seem not to constitute a 
very convincing family assemblage. The tribe Anisophylleeae differs from the 
remainder in disperse rather than opposite-decussate phyllotaxy and in complete lack 
of stipules, as well as in being strongly aluminium-accumulating (Hegnauer, 1973). 
The non-mangrove genera differ in wood anatomy from the mangrove group as well as 
among themselves (Metcalfe and Chalk, 1950; van Vliet, 1976). Corner finds the 
seeds of the mangrove genera and of Carallza (which is in a different wood-anatomical 
group, see above) to have a thick testa as in Myrtaceae, and retains these as 
Rhizophoraceae s. str.; the only two other genera examined by him (Gynotroches and 
Pellacalyx) have a thin testa but a specialized outer epidermis in the tegmen, and he 
refers these to the separate family Legnotidaceae. Rhizophoraceae as a whole lack the 
internal phloem and vestured pits of the Lythrales and Myrtales; they are said to have 
centrifugal androecial development (cf. Lythrales, below); some of the non- 
mangrove genera (including Carallia) have toothed leaves with the theoid tooth-type 
(Hickey and Wolfe, 1975), otherwise unknown in families of supposed Myrtalean 
affinity. This limited occurrence of the theoid tooth-type is the very shaky basis of 
Hickey and Wolfe’s tentative referral of Myrtales to the Dilleniidae (the general 
venation patterns could well be convergent, as these authors remark). Cronquist and 
Thorne both refer Rhizophoraceae to their concepts of Cornales. On the basis of leaf- 
teeth (Cornales have rosoid teeth) and chemical constituents (Rhizophoraceae lack 
iridoid compounds, the reverse of the situation in the Cornales s. str. though not in all 
the families referred to Thorne’s probably heterogeneous Cornales), this seems 
unlikely to be correct; perhaps part at least of the Rhizophoraceae s. lat. are derived 
from a Dilleniid stock, though not from Theales (which have iridoid compounds)’. 
Whether any of the Rhizophoraceae s. lat. are related to Lythrales or Myrtales, and 
whether they should be treated as one, two, three, or four families, cannot be decided 
without further study. 


Haloragaceae (considered here to be close to or to include Gunneraceae but not 
Hippuridaceae — see above) also lack internal phloem and vestured pits (Metcalfe 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEW SOUTH WALES, Vol. 102, Part 4 


B.G. BRIGGS AND L.A.S. JOHNSON 163 


and Chalk, 1950). The leaf-teeth are of rosoid type (Hickey and Wolfe, 1975), in 
contrast to those of Rhizophoraceae but apparently in agreement with Onagraceae 
and Trapaceae (see below), as well as with Cornales, where the family is placed by 
Thorne. The family lacks iridoid compounds (present in Cornales s. str.), and 
chemically (when Hippuridaceae are excluded) shows general resemblance to the 
Lythrales and Myrtales, in the vicinity of which it was placed by Cronquist and by 
Takhtajan. The seeds are endospermic, unlike those of Lythrales and Myrtales, and 
lack any thickening of either testa or tegmen* (Corner, 1976). The ovules are 
bitegmic and crassinucellate. On balance, Haloragaceae are probably an offshoot of 
the Rosid stock, possibly with an origin not too distant from that (those?) of the 
Lythrales or Myrtales, but not to be included in those orders. 


2.1.2 The Lythrales and Myrtales 

We are now left with the twelve families listed first in Table 1. None of the cited 
authors mentions Psiloxylaceae or Pszloxylon. All of the remainder (though not always 
in family rank) are included in Myrtales by Cronquist and by Thorne; Melchior 
excludes only Penaeaceae, and Takhtajan only Crypteroniaceae. Thorne’s concept of 
Myrtales includes only one of the families here excluded, namely Thymelaeaceae, and 
his order Myrtales is the only member of his superorder Myrtiflorae, regarded as close 
to the Rosiflorae (Thorne has no higher categories within his “subclass 
Dicotyledoneae”). Takhtajan’s superorder Myrtanae comprises his Myrtales and 
Hippuridales (= Haloragales, together with the clearly unrelated Hippuridaceae, see 
2.1.1) and falls within his subclass Rosidae, but it is noteworthy that he places 
Thymelaeaceae far away to constitute an order of his superorder Malvanae in the 
subclass Dilleniidae. Cronquist has no superorders, but his treatment agrees with 
Takhtajan’s in so far as he regards Haloragales as close to Myrtales within a subclass 
Rosidae. Extraordinarily, he also regards Proteales as close to Myrtales, because of a 
supposed link through Thymelaeaceae and Elaeagnaceae. So far as we can see, the 
morphological and chemical evidence does not support a close relationship of 
Thymelaeaceae with Myrtaceae (see 2.1.1), Proteaceae (Johnson and Briggs, 1975), 
or Elaeagnaceae (Hegnauer, 1966; Thorne, 1976); nor does it support Cronquist’s 
and Takhtajan’s referrals of Elaeagnaceae to Proteales or a neighbouring order 
(Johnson and Briggs, 1975). 


Affinity among these twelve families is supposedly indicated by their common 
possession of intraxylary (internal) phloem (bicollateral bundles) and vestured 
intervascular pits, as well as a series of features of vegetative, floral, and pollen 
morphology (Thorne, 1976). Carlquist and Debuhr (1977) mention septate 
crystalliferous parenchyma, a tendency for rays to be narrow-multiseriate plus 
uniseriate with predominantly erect ray cells, and the presence of amorphous deposits 
in ray cells, as additional features of wood anatomy by which “the order Myrtales can 
be defined”. They include essentially all of the above families in their concept. 


These do indeed all appear to possess intraxylary phloem and vestured pits 
(Metcalfe and Chalk, 1950), but as remarked above (2.1.1) those features occur 
together also in other families, including the chemically different Thymelaeaceae and 
various Asteridae (e.g. Apocynaceae, Convolvulaceae, Solanaceae, Loganiaceae) , 
and separately in still others (e.g. intraxylary phloem in Basellaceae, vestured pits in 


*In the seed-coat, the tegmen is developed from the inner integument, the testa from the outer integument. 
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Malpighiaceae), so that they must clearly have arisen more than once. The 
distribution in dicotyledons of the other features mentioned by Carlquist and Debuhr 
needs checking. The twelve families (so far as known) possess a number of chemical 
features in common also (e.g. presence of ellagic acid, absence of iridoid substances 
and of isoquinoline alkaloids — Hegnauer, 1964-73; Kubitzki, 1969), although none 
of these is exclusive to the group. 


Morphologically, however, some of the supposed resemblances do not hold, and 
there are indications that the complex consists of two groups. Corner (1976), largely 
from a study of seed structure, divides the “Lythrales-Myrtales” into three groups. He 
excludes the Haloragaceae (with “simplified” seed-coats), and also the families 
grouped around Combretaceae, Lythraceae, and Onagraceae (with tenuinucellate 
ovules; seeds with a fibrous tegmen and with or without a sclerotic mesotesta) , from 
‘“Myrtales in the strict sense”. In the latter he includes Melastomataceae, Myrtaceae, 
Penaeaceae (but Oliniaceae are not mentioned), and Rhizophoraceae (“excluding 
Legnotidaceae”), as well as Lecythidaceae. These have seed-coats with a sclerotic 
mesotesta, but lack any specialized development of the tegmen. 


Clearly, such a classification cuts across those. of other authors, especially 
Cronquist and Thorne, which are based on other features. In particular, 
Rhizophoraceae and Lecythidaceae lack intraxylary phloem; the latter (and probably 
Rhizophoraceae as well) differ from Myrtaceae also in their centrifugal androecia. 
Corner’s Lythraceae-group and also the Lecythidaceae have tenuinucellate ovules in 
contrast to the rest of his Myrtales s. str. and to the Haloragaceae, in all of which the 
ovules are crassinucellate. 


It is of particular interest that Mayr (1969) describes (contra Thorne, 1976) 
centrifugal androecium development in Lythraceae (in Lagerstroemza, the only 
polyandrous genus studied) and Punicaceae, together with a general developmental 
similarity to these families in the flowers of the non-polyandrous Onagraceae. She 
observes that “die Myrtaceen weichen in allen wesentlichen erscheinenden, 
untersuchten blutenmorphologischen Merkmalen von den ubrigen bearbeiteten 
Familien, den Lythraceae, Punicaceae und Onagraceae ab”. These considerable 
differences of the Myrtaceae from the other three families named coincide with the 
ovule and seed differences stressed by Corner, and (in general) with at least one 
chemical character, the nature of the chief reserve materials in the seeds: starch in 
Myrtaceae (but also in Trapaceae!), fatty oils in Lythraceae, Punicaceae, 
Combretaceae, and Onagraceae (also in Rhizophoraceae and Thymelaeaceae), the 
condition in the other families being unrecorded. 


Apart from secondary tooth-like cilia or ill-defined crenulations in some 
Myrtaceae, leaf-teeth occur amongst these families only in Onagraceae and 
Trapaceae. Curiously, these families are not mentioned by Hickey and Wolfe (1975), 
who give the impression that the only toothed-leaved “Myrtales” are some 
Rhizophoraceae (see 2.1.1); but Onagraceae have toothed leaves and, so far as we 
can determine from our observations, the teeth are of rosoid type (as indeed they are 
in Haloragaceae, as reported also by Hickey and Wolfe). The teeth in Trapaceae are 
curiously two-pronged, but each double tooth appears to be a derivative of the rosoid 
type. Trapaceae are now often considered closer to Lythraceae (e.g. by Thorne, 
1976) than to Onagraceae, but Lythraceae have entire leaves. The starchy seeds of 
Trapaceae may be a special development associated with the large fruits and the mode 
of life of these aquatics. In general, this small Northern Hemisphere-family seems to 
belong with the Lythraceae group rather than near the Myrtaceae. 
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All told, there seems to be reason to treat these families as falling into two orders: 
Myrtales sensu stricto, and Lythrales. Despite the centripetal versus centrifugal 
androecial development, there are probably grounds (chemistry, leaf-tooth type, 
general floral morphology) for considering them both as early offshoots of the Rosid 
group that have lost any trace of divided leaves. Walker and Doyle (1975) remark on 
the “rosid palynological trends” in the Myrtales s. lat. Corner’s suggestion that the 
Lythrales may have originated from Myristicaceous or Rutaceous stock is not sup- 
ported chemically: Lythrales lack the isoquinoline alkaloids characteristic of the 
Magnoliid and Rutaceous groups and, conversely, possess ellagic acid as a constituent. 
Corner also suggests, however, that the distinctive fibrous tegmen of the Lythrales may 
have been lost in the Myrtales s. str.; certainly the development of ovules and seeds, as 
well as of the androecium, needs further study throughout the Lythrales and Myrtales, 
and in other possibly allied families in the Rosid and Dilleniid lines. 


A feature possibly linking the Lythrales and the Myrtales s. str. (and 
Haloragaceae?) is the presence of rudimentary stipules, as reported by Weberling 
(1956, 1958, 1960, 1963) in a number of the families that have been referred to the 
Myrtales, though, curiously, they are wanting in Melastomataceae. Weberling 
describes single small stipules at each side of the leaf-base in Oliniaceae, Penaeaceae, 
Sonneratiaceae, and Onagraceae, as well as in Haloragaceae s. str. (excl. 
Gunneraceae) and Lecythidaceae (the last two not being regarded here as members of 
Myrtales or Lythrales) ; in Myrtaceae, Punicaceae, Trapaceae, Combretaceae, and 
Lythraceae s. lat. several stipular lobes (“Stcpularzipfel”) tend to occur in a transverse 
row across the leaf-base. Clearly the disposition of these types is at variance with the 
seed and other characters mentioned above, and also with inflorescence types (4.2) , 
and the significance of the character is difficult to assess. It is of interest that rudimen- 
tary stipules do not occur in Thymelaeaceae. The presence of groups of stipular lobes 
is quite easily seen in many Myrtaceae of both subfamilies, though they are often not 
present in all parts of the plant. They appear to be absent in the Eucalyptopszs and 
Eucalyptus alliances, except sometimes at the cotyledonary node of certain eucalypts 
(Carr and Carr, 1966). 


Eyde (1975) suggests that comparative studies of vascular supply to the ovules 
may be useful in working out affinities amongst families referred to Myrtales. Both 
axile (e.g. in our Acmena alliance) and trans-septal vascularization (e.g. in Eugenza 
s. str.) are found in Myrtaceae (Schmid, 1972a, b, c), and Eyde reports trans-septal 
bundles to be general in Onagraceae. 


It may be significant that the families of Myrtales s. str. are predominantly 
southern in distribution, whereas there is a much stronger northern representation in 
those of the Lythrales. 


Several families require a brief special mention: 

Within Lythrales, the family Crypteroniaceae, formerly considered to consist of a 
single genus Crypteronia, is enlarged by van Beusekom-Osinga and van Beusekom 
(1975), and by van Beusekom-Osinga (1977), to include several genera formerly 
referred to Melastomataceae and other families. The case for this hardly seems to be 
convincingly borne out by the associated studies of anatomy by van Vliet and Baas 
(1975), or of pollen by Muller (1975). If the new grouping is indeed well-founded, it 
would raise the question of cross-relationships between Melastomataceae (Myrtales s. 
str.) and Lythrales, since Crypteronza is regarded by Thorne (1976) and others as 
included in or very close to Lythraceae (see 4.2 for comment on inflorescences) . 


The two small African families Penaeaceae and Oliniaceae possess anatomical 
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features (Mijica and Cutler, 1974; Carlquist and Debuhr, 1977), stipules 
(Weberling, 1963), and (in the case of Penaeaceae at least) seeds consistent with 
placement in the Myrtales s. str. Rao and Dahlgren (1969) suggest that Oliniaceae 
may be related to Rubiaceae, but the features described by them do not support this 
view at all strongly. These authors (Dahlgren and Rao, 1969) also studied 
Geissolomataceae, a South African monotype that has sometimes been thought to be 
allied to Penaeaceae and hence to other Myrtales. Dahlgren and Rao give anatomical 
(e.g. lack of intraxylary phloem) and morphological reasons for excluding the family 
from Myrtales. They suggest a relationship with Oleales; Thorne (1976), on the other 
hand, refers Geissolomataceae to the suborder Bruniineae of his enlarged 
Pittosporales. Weberling (1963), however, pointed out the existence of small stipules 
as in many Myrtales s. lat., in contrast to Pittosporales-Bruniineae and to Oleaceae, 
though not to the stipuliferous Salvadoraceae (placed in Oleales by Thorne). 


Psiloxylaceae are discussed below (4.2) 


2.2 Suprageneric affinities within the Myrtaceae 


Some systematic arrangement has been necessary to organize and present the 
results of the survey of inflorescences, but it would perhaps be premature to introduce 
here a new formal system of suprageneric taxa. We have arranged the genera in infor- 
mal alliances, suballiances, and infra-alliances, partly because previously published 
suprageneric names give very different status to assemblages that we consider to merit 
approximately equal rank. The names of the alliances have been chosen to correspond 
with the earliest previously published names in tribal rank, to provide essential 
continuity of nomenclature if the system is later formalized. Unfortunately, this results 
in some alliance names not being based on either the best-known or the least 
specialized genus included (e.g. Chamelauctum, Cryptorhiza, and Acmena alliances) . 
Fig. 1 gives a synoptic view of the suggested phylogeny and Table 2 summarizes the 
arrangement, together with some information on distribution, fruit, embryo, 
germination, and trichomes. Information on oil-glands in embryos of the two 
subfamilies is from Petit (1908). In the Eucalyptus alliance, although oil-glands are 
laid down in the embryo, the schizogenous oil-spaces and oil secretion do not develop 
until after germination begins (Carr and Carr, 1970). Further details of distribution, 
especially within Australia, are given by Johnson and Briggs (in press). We have 
checked representative examples of embryo-types, and the information given on 
trichomes is largely based on our observations. 


Table 3, which is presented after the discussion of various inflorescence features, 
lists all the genera that we recognize (with whatever degree of certainty as to their 
status), arranged according to their alliances and subsidiary groupings. The genera 
are listed alphabetically in Appendix III, with reference to their systematic position. 


The characters of the embryo and fruit have rightly been considered as 
particularly significant in determining major divisions within the family, and were 
emphasized by de Candolle (1828), Berg (1855-61, many publications, see Stafleu 
and Cowan, 1976: 185), Bentham (1865, 1869), Merrill and Perry (1938, 1939), 
Burret (1941la, b), and Kausel (1956, 1957a), but still need further comparative 
study. So also do floral morphology, anatomy, chemistry, and (within some alliances) 
karyology. In the past, trichomes have been neglected in the characterization of major 
groups; they are discussed separately (2.2.2). Some further features distinguishing, or 
predominating in, alliances and suballiances will be evident from Table 3 and the 
notes thereto (8.2), as will some of the doubts and problems concerning them. 
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MYRCIA ALLIANCE 
MYRTUS ALLIANCE 
CRYPTORHIZA ALLIANCE 
OSBORNIA ALLIANCE 


Syzygium *-@} ACMENA ALLIANCE 
Acmena s-a 


EUGENIA ALLIANCE 


Kania s-a 
Metrosideros s-a | METROSIDEROS 
Xanthostemon s-a ALLIANCE 
Lophostemon s-a 
HETEROPYXIS ALLIANCE 
BACKHOUSIA ALLIANCE 
EUCALYPTOPSIS ALLIANCE 
Angophora s-a 
EUCALYPTUS 
ALLIANCE 


Symphyomyrtus s-a 


Eucalyptus s-a 


LEPTOSPERMUM 


Leptospermum s-a 
ALLIANCE 


M 
Cc } Calothamnus s-a 


Baeckea s-a CHAMELAUCIUM 
ALLIANCE 
Fig. 1. Suggested general phylogeny of the Myrtaceae. Widths of band-ends convey only a 


general impression of the diversity of the groups. s-a = suballiance; M = Melaleuca infra- 
alliance; C = Calothamnus infra-alliance. 


Chamelaucium s-a 


2.2.1 Comparison with previous systems 

Two subfamilies have long been recognized in the Myrtaceae. On the whole, these 
seem to represent natural groups, although the more primitive members of each are 
more similar than their extreme developments might lead one to expect, and we have 
here transferred one genus, Osbornza, from Leptospermoideae to Myrtoideae. Kausel 
(1956, 1967) separated the capsular-fruited genera as a distinct family, Leptosperm- 
aceae, which he did not treat in detail. Within his restricted concept of Myrtaceae, he 
accorded subfamily rank to a number of the groups (some previously treated as 
subtribes) that we treat as alliances within the Myrtoideae. The Myrtaceae, as 
generally recognized (and including Kania and Heteropyxis), appear to us to 
constitute a very coherent and well-defined family. 


The alliances recognized in the Leptospermoideae are here compared briefly with 
treatments by other authors. We may begin with Niedenzu (1898), who included all 
except our Chamelaucium alliance in a tribe Leptospermeae. 


A.I Metrosideros alliance. Recognized by Niedenzu as subtribe Metrosiderinae. 
In recognizing the Kanza suballiance we are in agreement with the grouping of genera 
suggested by Dawson (1972d), but have added Baszsperma, which Dawson did not 
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study. A subtribe Kaniinae was established by Weberling (1966) to accommodate 
Kania alone. The other three suballiances, which may require redefinition, 
correspond in part to groupings informally suggested by Dawson (1970-1977) and by 
Peter G. Wilson with J. T. Waterhouse (personal communication) . 


A.IIl_ Heteropyxzs alliance. Implicitly recognized by Melchior (1964) as a 
subtribe. Not included in the Myrtaceae at the time of earlier comprehensive treat- 
ments. Stern and Brizicky (1958) suggested that “Heteropyxis should be placed in 
Leptospermeae as a subtribe, Heteropyxineae”. Such a subtribe was described by 
Fernandes (1971), but the correct spelling of the name would be “Heteropyxidinae”. 
Fernandes reported the chromosome number 2n = 24 in H. natalensis Harv., 
whereas x = 11 is the base number in the great majority of the family. He adduced 
the occurrence of x = 6 in Darwinia as evidence for the origin of x = 12 by 
polyploidy. This argument is untenable in view of the existence of apparent reduction 
series from 11 to 6 (Smith-White, 1959) in the highly specialized Chamelaucitum 
suballiance, to which Darwznza belongs, and the great dissimilarity of that group from 
Heteropyxts. 


A.III Backhousza alliance. Niedenzu recognized a subtribe Backhousiinae. We 
have altered the circumscription by removal of Osbornza to the Myrtoideae and the 
inclusion of Choricarpia (genus established since 1898). Choricarpza has generally 
been compared with Syncarpza, but Ingle and Dadswell (1953) and Bamber (1962) 
drew attention to the considerable dissimilarity in wood and bark anatomy. Their 
information supports our conclusion, on general morphological grounds, that 
Choricarpia is very different from Syncarpza and is in fact related to Backhousza. 
Affinity with the latter has been independently suggested by Peter G. Wilson and J. T. 
Waterhouse (personal communication) . 


A.IV Eucalyptopsts alliance. Genera described subsequent to any comprehensive 
treatment. Eucalyptopsis is not allied to Pleurocalyptus (Metrosideros alliance) as was 
suggested by White (1951), who described the former. Eucalyptopses and Allosyn- 
carpia have no particular relationship to either Eucalyptus or Syncarpza, despite their 
unfortunately chosen names. 


A.V Eucalyptus alliance. Corresponds with subtribe Eucalyptinae of Niedenzu, 
apart from our addition of Arillastrum. See also 8.2. 


A.VI Leptospermum alliance. Largely equivalent to subtribes Leptosperminae 
and Calothamninae in Niedenzu’s treatment. We remove Baeckea together with its 
allies, and place the Melaleuca and Calothamnus infra-alliances in the same 
suballiance, partly on account of similarities in inflorescence and despite the more 
specialized anthers in Calothamnus and associated genera. Therefore our Lepto- 
spermum and Calothamnus suballiances are not coincident with Niedenzu’s subtribes. 


A.VII Chamelauctum alliance. The Baeckea suballiance was included by 
Bentham (1867), by Niedenzu, and in turn by Melchior (1964) as a subtribe 
(Baeckeinae) of the Leptospermeae; the genera of the Chamelaucium suballiance 
constituted the tribe Chamelaucieae (as ‘““Chamaelaucieae’”) of these authors, being 
accorded higher taxonomic status than our other alliances. The Chamelauctum 
suballiance is a distinctive and coherent assemblage, probably best regarded as an 
evolutionary grade with its origin amongst early members of the Baeckea suballiance. 
The diversity of chromosome numbers, n = 11, 9, 8, 7, 6 (Smith-White 1950, 1954, 
1959), contrasts with the general stability in the rest of the family, in which n = 11, 
or rarely 12, 22, or 24. 
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The suprageneric affinities of the Myrtoideae have received more attention recently 
than those of the Leptospermoideae, but development of a satisfactory classification in 
detail must await further study and assessment of relationships of a number of the 
genera. The group as a whole was treated by Niedenzu (1898) as subfamily 
Myrtoideae, consisting of the single tribe Myrteae; by Melchior (1964) as a subfamily 
of 7 tribes; by McVaugh (1968) as a single tribe, Myrteae, including a number of 
informal groups; but Kausel (1956) treated it as a family consisting of 5 subfamilies. 
(References to these authors hereinafter are to be taken to refer to these particular 
publications unless otherwise indicated.) Within this framework the alliances that we 
recognize have been treated as follows (see also 8.2) : 


B.I Myrcza alliance. Recognized by Niedenzu (subtribe Myrciinae), Kausel 
(subfamily Myrcioideae), Melchior (tribe Myrcieae), and McVaugh (“myrcioid 
genera’). 


B.II Myrtus alliance. Recognized by the first three authors as Myrtinae (but 
Feyoa, syn. Orthostemon Berg non R. Br., excluded as Orthostemoninae) , 
Myrtoideae, and Myrteae respectively, but most of the American members distributed 
by McVaugh into informal groups clustered around Pszdium and Pimenta. Some 


genera formerly included here were segregated by Kausel in his Cryptorhizoideae (see 
below). 


B.III Cryptorhiza alliance. This grouping, tentatively recognized here, was set 
up by Kausel (as subfamily Cryptorhizoideae) , who was followed in this by Melchior 
(tribe Cryptorhizeae). Its distinctive embryo character certainly requires further 
investigation, including developmental study and survey of embryo conditions in 
additional genera of the subfamily. McVaugh was not convinced that this is a natural 
assemblage, and distributed its members among several informal groups. Kausel at 
first included only Cryptorhiza, Legrandia, Pilidiostigma, and Blepharocalyx. Later 
(Kausel, 1967) he enlarged it to include Campomanesia and Britoa (together with 
Blepharocalyx) in a separate tribe, Campomanesieae, which he considered might also 
encompass Marlzerzopses and “Eugeniomyrtus” (= Myrtus subgenus Eugenzomyrtus 
Kiaersk., not published at generic rank; we have seen no material of the single species 
“M.” warmingiana Kiaersk.). We have also tentatively included Pazvaea because of its 
similarity to Campomanesza, despite absence of information on embryo features. 


B.IV Osbornza alliance. Not previously recognized; genus referred (e.g. by 
Niedenzu) to Leptospermoideae, where it was placed in Backhousiinae. Its pericarp is 
leathery rather than fleshy, but the fruit is indehiscent; features of leaves, flowers, and 
embryo suggest Myrtoidean affinity. 


B.V Acmena alliance. Included by Niedenzu in the Eugeniinae, together with 
members of the Eugenza alliance. Syzygzwm and its allies (Acmena alliance) and those 
genera of the Eugenza alliance with separate cotyledons were later separated 
(Kausel, 1956) as Plinioideae. Subsequently, Kausel (1957a) segregated the genera of 
the Acmena suballiance as a subfamily (Acmenoideae) characterized by the branched 
intrusive funicle. Melchior followed Kausel’s later (1957a) treatment, recognizing 
Plinieae and Acmeneae in addition to Eugenieae. The Syzygzwm suballiance has not 
previously been recognized at a suprageneric level, although other authors (e.g. 
Schmid, 1972c; Legrand, 1975) have been well aware of the distinctiveness of the 
Syzygium-Acmena group as a whole. 


B.VI Eugenza alliance. Recognized (at levels equivalent to the Myrcza alliance) 
by all four authors, but Kausel excluded the genera with plinioid embryos and placed 
them, together with the Acmena alliance (q.v.), in his Plinioideae. Melchior followed 
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Kausel’s arrangement, but at tribal level. McVaugh included some of the plinioids 
among his “eugenioid” genera, but placed others in a separate group “Myrczanthes 
and related genera”. 


2.2.2 Trichome features characterizing Myrtaceous alliances 

The “standard” Myrtaceous trichome type, found in four alliances of the 
Leptospermoideae and in five alliances of the Myrtoideae (Table 2) is acute, rather 
thick-walled, and unicellular (with no basal cell). Variations within this type are 
curled, bent, basally saccate, and 2-armed (“biramous’’) hairs. Rarely the hair is 
expanded and flattened distally, becoming lobed, umbrella-like, or funnel-shaped. 
Infundibuliform hairs occur in material of uncertain identity, distributed under the 
invalid name “Campomanesia hypoleuca Hort. ex Gentil.”, cultivated in Zaire, 
Thomas 686 (NSW*); Schmid (1972a): reports them in a species of Eugenza. A 
“membrane” is commonly formed across the lumen near the cell base, enclosing the 
shrunken protoplast (Uphof, 1962) ; this often gives a misleading impression that the 
hair consists of more than one cell. The hairs within the ovary of Pilothecoum need 
investigation. 


The remaining four alliances lack “standard” Myrtaceous hairs, with the possible 
exception of Eucalyptus s. str. in the Eucalyptus alliance and Pzleanthus in the 
Chamelaucium alliance, but possess trichomes or emergences of other types in at least 
some members (Table 2). Further features are as follows: 


Eucalyptopsis alliance: The description (Blake, 1977) of Eucalyptopszs as “per- 
fectly glabrous” appears correct for some specimens, but others (e.g. NGF 17297, in 
NSW) bear short, often branched, multicellular hairs, which resemble those of 
Allosyncarpia. Standard Myrtaceous hairs are not found. An undescribed and almost 
glabrous species of this alliance (see 8.2) also has very short trichomes of this general 
type, at least in some of the axils within the inflorescence. 


Eucalyptus alliance: Johnson(1972) drew attention to differences in trichome 
types. None of the taxa possess an indumentum of “normal Myrtaceous trichomes”. 
They exhibit one or other of the following conditions: (a) trichomes completely 
absent, (b) trichomes non-“standard” and scattered on surface, (c) trichomes similar 
to standard form but found only in clusters on special sites on the epidermis, and (d) 
trichomes non-standard but clustered as in (c). The hair (and bristle) types described 
are found in only a minority of species in certain supraspecific taxa, as follows: 


Angophora suballiance: Arzdlastrum is glabrous when adult; juvenile stages 
should be studied, since hairs in this alliance are often present only on juvenile growth. 
Coarse multicellular bristle-glands, enclosing a protruding oil-gland, are found in 
Angophora, “Blakella”, and “Corymbia”. These structures are described as glandular 
hairs by Carr et al. (1970) but, since they do not give rise to external secretions in the 
manner usually associated with glandular hairs, the term “bristle-glands” is preferred. 
This was used by Johnson (1972), who drew attention to their general occurrence in 
Angophora, “Blakella”, and “Corymbza”. Some species of Angophora also bear 
blunt, rather thin-walled, uniseriate, multicellular hairs. “Corymbza” produces 
unicellular hairs that are also usually blunt and rather thin-walled; sometimes 
(‘Eucalyptus” ferruginea Schau.) such hairs are found only upon protruding oil- 
glands. Hairs of similar type also occur in some species of “‘Blakella” (e.g. “E.” gilber- 
tensis (Maiden & Blakely) S.T. Blake), radiating from prominent oil-glands or 
bristle-glands. 


SSS I a 
*Where reference specimens are cited the herbarium in which they are held is indicated by the symbols used 
in Holmgren and Keuken (1974). 
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Symphyomyrtus suballiance: Juvenile shoots of almost all species of Eudesmia 
have blunt, thin-walled, unicellular hairs in radiating clusters over flat or scarcely 
prominent glands. Symphyomyrtus and “Telocalyptus” lack trichomes (although the 
former rarely has pluricellular papillae over glands) . 

Eucalyptus suballiance: “Gaubaea” is glabrous, but juvenile shoots of 
‘Idiogenes” may exhibit poorly developed, very short, blunt, unicellular hairs. Much 
of Eucalyptus s. str. is glabrous, but juvenile plants of Series Capitellatae and 
Olsenzanae (Johnson and Blaxell, in press) have trichomes reminiscent of “standard” 
Myrtaceous hairs, these being acute, thick-walled, and unicellular. They occur in 
distinctive radiating clusters over prominent oil-glands. 


Members of the Chamelauczum alliance are almost all glabrous except for the 
denticulations or “cilia” frequently occurring on margins of leaves, bracts, or petals 
(sometimes sharply keeled leaf midribs are similarly denticulate abaxially). These 
denticulations are often multicellular but, even when unicellular, they lie in the plane 
of the surface and appear to constitute a minutely laciniate margin, rather than 
projecting from the plane of the epidermis as in the “normal” Myrtaceous indumen- 
tum. Stout multicellular hairs occur on the stems of Hypocalymma xanthopetalum F. 
Muell. and on the perigynium of Balaustion. The stiff but silky hairs on the 
perigynium of Pileanthus resemble “standard” hairs except for the somewhat bulbous 
base and minute apical notch (extending only part way through the wall). 
Multicellular emergences amongst the stamen bases of some Baeckea species, although 
sometimes called trichomes, are quite dissimilar from the trichomes in Myrtaceous 
indumenta. 

The Acmena alliance also lacks “standard” hairs, most members being entirely 
glabrous. Trichomes occur in a few New Guinea species of Acmena and Syzygium, 
e.g. S. porphyrocarpum (Greves) Merrill & Perry, and material distributed as S. 
puberulum Merrill & Perry (NGF 12355, 13159). The inflorescence axes and 
perigynia of these are densely clothed with multicellular trichomes, which are 
uniseriate or multiseriate (particularly towards their bases), variable in size, and 
usually blunt; the cells are rather thin-walled, and in S. porphyrocarpum contain 
much tannin. 

At least some of the hair types appear to be independent developments, and the 
presence of trichomes in Myrtaceae can be regarded as indicating relationship only 
when they are similar in general type. 


2.2.3 The recognition of genera in Myrtaceae 

The last comprehensive treatment of the family to include a full listing of the 
genera recognized was that of Niedenzu (1898), who accepted 72 genera. Since that 
time there has been much revision of generic limits as well as description of previously 
unknown groups, transfer to the family of a few genera previously placed elsewhere, 
and exclusion of at least one genus wrongly included when first described (Platysper- 
mation Guillaumin, 1950). We do not by any means always accept the narrowest 
generic concepts proposed, nevertheless 144 groups of generic level are provisionally 
accepted (but see addendum). These are listed in Table 3 (p. 206), arranged accor- 
ding to their alliances and, as far as practicable, in systematic sequence within the 
alliances. That table also summarizes our observations on the inflorescences of each 
genus and is accompanied by notes on the placement and affinities of many genera, as 
well as on additional inflorescence features. A few of the “genera” are undescribed 
(except at species level) and several have hitherto been recognized only as infrageneric 
taxa. Recent work has rendered untenable the most inclusive generic delimitations 
used in past treatments, but many groups await detailed investigation and some are 
known only from very incomplete material. 
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Table 3 is tentative at various points, both as to the recognition and as to the 
placement of taxa. Although we have examined material widely, we have not been 
able to search the literature exhaustively or to form opinions in all cases from 
examination of specimens. The inherently unsatisfactory result of projecting a many- 
branched phyletic “tree” on to a linear sequence has added to the problems of listing 
the genera. 


The genera are numbered for convenience of reference, and these numbers are 
also sometimes used elsewhere in this account. Author citations for generic names are 
omitted (except where essential to avoid ambiguity) , being available in Shaw (1973). 
The only names listed as synonyms are some that have been in fairly common use in 
recent decades; other synonyms will be found in the standard works cited and, in 
particular, we have mostly not listed New World generic names for which we accept 
the synonymization by McVaugh (1968). 


In placing genera we have had regard to published classifications and infor- 
mation therein, but have taken particular account of trichomes, androecium, embryo, 
and wood anatomy. 


Space prevents reference to the reasons for the many particular inclusions, 
exclusions, and placements in the list, but some of the more significant are noted 
below. Genera that we have not examined, or have studied insufficiently in these 
respects to form any opinion, are marked * in the following notes. Where we have 
examined material and also cite references, our conclusions,. although sometimes 
tentative, rest at least partly on our observations, as well as on the information or 
arguments in the references cited. 


(a) Genera included that have frequently been referred to other families: 
1 Kania (Weberling, 1966) 
26 Heteropyxis (Stern and Brizicky, 1958; Fernandes, 1971) 
(b) Genera recognized at variance with other recent treatments — see Notes to Table 
3 (8.2) under the following generic taxa: 
7-14 components of Metrosideros s. lat. 
32-40 components of Eucalyptus s. lat. 
87 Moszera 
89 Psidiopsis 
119 Acicalyptus 
128 Acreugenza 
132 Paramyrciaria 
133 “Plinzopsis” 
(c) Genera recognized with particular doubt — see 8.2 under the following: 
30 Allosyncarpia 
69 Homoranthus 
70 Rylstonea 
85 Fezjoa 
90 Corynemyrtus* 
108 Myrtella 
114 Cryptorhiza* 
127 Pseudomyrcianthes* 
136 Pilotheccum 
141 Meteoromyrtus 
144 Hottea 
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(d) Genera excluded from Myrtaceae: 


Aulacocarpus (Central America) ; Melastomataceae, included in Mouririz (see 
McVaugh, 1968). 

Platyspermation (New Caledonia) (see Erdtman, 1952); among “taxa incertae 
sedis” (unplaced as to family) of Thorne (1976). 


Pstloxylon (Mauritius); Pséloxylaceae (see Croizat, 1960). The unisexual 
flowers, entirely superior ovary (indeed virtually stipitate), and the large, lobed, 
sessile stigmas differ markedly from the Myrtaceous condition; a conceivable common 
ancestor of Pszloxylon and the Myrtaceae would be decidedly un-Myrtaceous, in 
contrast to such an ancestor for the genera included in the family in the present paper. 
Pstloxylon has intraxylary phloem (Metcalfe and Chalk, 1950: 125), but little is 
known of chemical constituents or seeds. We place it tentatively within Myrtales s. str. 


3. THE ANALYSIS OF INFLORESCENCES* 


The work of Wilhelm Troll (1954, 1957, and particularly 1964, 1969) goes far 
beyond that of all earlier authors in its analysis and systematization of inflorescence 
structure. We have nevertheless found some of his concepts inappropriate for the 
description and comparison of Myrtaceous inflorescences, and indeed we cannot 
accept a number of fundamental aspects of his approach to inflorescence analysis 
(Appendix I). We adopt his terminology only when it is essentially descriptive; other- 
wise it would not be clear whether or not terms carried their Trollian theoretical 
implications. Consequently we have introduced certain neologisms, despite the 
notoriously complex inflorescence terminology already existing, in an attempt to 
present comparisons of inflorescences in language that is logical, precise, and 
relatively theory-free. These new terms, which are further discussed in Appendix I, 
arose in the study of a single plant family, although a large one with diverse 
inflorescences, but we consider them applicable to inflorescence studies generally, 
with the reservations that are always necessary in biomorphological terminology. 


3.1 The seasonal growth unit and anthotely 


In order to provide a frame of reference for specifying the relative positions of 
nearby axes, we define a SEASONAL GROWTH UNIT (SGU) as a shoot, or branched 
system of shoots, formed within a single growing season and arising (terminally or 
laterally) from an axis formed in a previous growing season. Such units within peren- 
nial plants are therefore separated from each other by older portions of stem — “older 
wood” in cases such as the Myrtaceae. Although they are commonly annual, this is not 
a necessary condition and the degree of demarcation from a former season’s growth 
(e.g. by a zone of scars indicating that there has been an over-wintering bud) may 
vary greatly. Ramiflorous or cauliflorous inflorescences, arising laterally from old 
wood, themselves constitute SGU’s distinct from new leafy shoots, whether or not the 
latter are also floriferous. 


Various terms have been used elsewhere to designate axes or inflorescences 
terminated by flowers, in contrast to those that produce flowers only laterally. Troll’s 
term “monotelic” is bound to his particular typological theory and hence distinctly 
inappropriate, and such terms as “closed” or “determinate” are special applications of 
words that do not necessarily convey any notion of termination by a flower. We have 
therefore adopted the following as a precise and logical terminology without 
theoretical connotations: ANTHOTELIC (from Greek, ending in a flower) applies to 


*Some new terms are introduced, and some others may not be generally familiar; they are defined in 
Appendix II. 
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inflorescences (or parts of inflorescences) or axes that have also been known as “‘deter- 
minate” or “monotelic”; BLASTOTELIC (ending in a bud or sprout) is used for those 
without a terminal flower, i.e. “indeterminate” or “polytelic” inflorescences or axes. 
Within the latter type a further distinction is useful: AUXOTELIC (growing at the end) 
applies to blastotelic inflorescences or axes that continue growth beyond the flowering 
region, and ANAUXOTELIC (not growing at the end) to those that terminate in an 
abortive vegetative apex. 


3.2 Terminology of inflorescence types 

In allied taxa, or sometimes within a single genus or species, inflorescences 
commonly show different degrees of elaboration. Generally a common plan runs 
through such inflorescences, but they differ in the degree of branching and/or in the 
number of internodes or their elongation, so that different terms (defined in Appen- 
dix II) apply to such variously elaborated inflorescences. It has nevertheless seemed 
appropriate, for the Myrtaceae, to use such terms as panicle, thyrsozd, metabotryozd, 
botryozd, dichastum, triad, and monad when reporting inflorescence conditions, even 
though many taxa present an array of several such types. It is necessary to stress that 
panicle is used in Troll’s sense of “Respe” (Appendix II, Fig. 3), and not for a 
branched “indeterminate” inflorescence as by many English-language authors. 


> , LIES >, <i 


Se, ee BE, <A 


Fig. 2. (a) Thyrse (main axis blastotelic), (b) thyrsoid (all axes anthotelic), and (c) 
metabotryoid (degree of branching may be less than shown at upper nodes of main axis) . 
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Of these terms, thyrsozd (as a noun, and in our sense) and metabotryoid are 
newly introduced. A THYRSOID (Fig. 2b) or “determinate thyrse”, being anthotelic, 
bears the same relation to a thyrse (Fig. 2a) as a botryoid does to a botryum in the 
terminology of Troll (1954: 52). A METABOTRYOID (Fig. 2c) differs from a botryoid 
in that some at least of its lateral axes produce triads (dichasial groups of 3 flowers) 
rather than only monads (single flowers). Metabotryoids may result from the 
phylogenetic (or conceptual, i.e. typological) reduction of either a thyrsoid (with 
more elaborated dichasial branches) or a panicle, and it is therefore inappropriate to 
include them within the thyrsoid category. 


Inflorescences are herein assigned to categories according to the highest degree of 
branching attained in any part of them. For example, an anthotelic inflorescence in 
which the lateral branches are 7-flowered or >7-flowered dichasia toward the base, 
triads in the middle, and monads toward the apex, would be classed as a thyrsoid. 


When appropriate, anthotelic branches (partial inflorescences) forming parts of 
panicles or thyrsoids may be described as (lateral) dichasia, triads, etc. 


3.3 Conflorescences 


Inflorescence systems in the Myrtaceae and certain other families commonly 
involve two or more levels of organization that differ qualitatively in the pattern of 
branching and the development or arrangement of phyllomes. In order to designate 
units of a particular level, we have applied the terms unzflorescence (U) , conflorescence 
(C), and superconflorescence (C*). In Myrtaceae and groups with comparable 
inflorescence patterns, a UNIFLORESCENCE is taken to be an anthotelic branch system 
(within the SGU) that is lateral to a blastotelic axis. The term is considered to be 
applicable also more generally to a floriferous branch system of characteristic pattern 
that is qualitatively different in some way from the axis on which it is borne. A 
CONFLORESCENCE is then a floriferous branch system of which the main axis bears 
uniflorescences. A SUPERCONFLORESCENCE (a somewhat looser concept) is a func- 
tional aggregation of conflorescences, not necessarily within a single SGU. 


Such distinctions do not, of course, apply to inflorescences of all types, and these 
terms are therefore often inapplicable. Thus we do not use them in those taxa with 
flexibility as to anthotelic or blastotelic development of axes of a particular order (4.5, 
5), although parts of the branching systems of such taxa may be appropriately 
equated with uniflorescences. Where the anthotelic inflorescence is terminal on a 
major axis of the SGU the terms are also inapplicable, since the whole inflorescence is 
in some ways equivalent to a uniflorescence, whereas in other respects its lateral bran- 
ches resemble uniflorescences. In such cases there is no distinction between the R, and 
a, (see 3.4). 


In the case of Myrtaceae, the uniflorescence almost always has opposite and 
decussate phyllotaxy and branching. Conflorescences have the same phyllotaxy as the 
vegetative regions of the plant; this is commonly also opposite (sometimes + disjunct- 
opposite) and decussate, but some taxa within the Leptospermoideae consistently 
have disperse (spiral) phyllotaxy. 


To emphasize the difference between simple and compound situations, we have 
described uniflorescences using the names for the different inflorescence types, but 
have used (for example) racemzform, thyrsiform, or spiciform to describe 
conflorescences resembling racemes, thyrses, and spikes respectively. These adjectives 
are used for cases in which the main axis grows on (whether before, during, or after 
flowering) , as well as in anauxotelic conflorescences. 
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Whether a distinction between uniflorescences and conflorescences is useful in a 
particular angiosperm group depends, of course, on its inflorescence structure and 
phylogenetic history of inflorescence modification. Very different from the 
inflorescences of Myrtaceae are those of Proteaceae (primitively racemose with 
blastotelic uniflorescences and disperse phyllotaxy), but a distinction between unit 
inflorescences and aggregations of such, i.e. conflorescences, proved useful in that 
family also (Johnson and Briggs, 1975). In Myrtaceae, Johnson (1972, 1976) 
previously applied the term “conflorescence” to systems of umbellastral “uniflores- 
cences” in Eucalyptus s. lat., but some reinterpretation of detail is necessary as a result 
of the present study (see 8.2, A.V Eucalyptus alliance and genera 31-40). 


3.4 Terms designating axes 


It has proved necessary to refer to certain axes of uniflorescences or of 
conflorescences : 


a,: The main or primary (first-order) axis of a uniflorescence. 


peduncle: The proximal internode below the prophylls of the a,; recorded as 
“present” in Table 3 if clearly developed, although sometimes short. Where a 
uniflorescence cannot be distinguished, this term is considered inapplicable. 


ANTHOPODIUM (Fig. 3): The internode between the flower and the ultimate 
node of the axis that it terminates (sometimes this internode is not elongated) . 
In Myrtaceae and elsewhere the term “pedicel” has sometimes been applied to 
the anthopodium. However, when there are metaxyphylls (see 3.5) or prophylls 
immediately below the flower, “pedicel” has sometimes been applied to the 
penultimate internode. Schmid (1972a, b) adopted the latter usage and 
referred to the ultimate internode as a “pseudopedicel”. Henderson (1949) and 
Wilson (1957) had used “pseudostalk” and “pseudostipe” for this structure. 
Schmid (1972a) indicates that when the anthopodium [our terminology] is 
elongated it is anatomically indistinguishable from the distal part of the 
penultimate internode, so there seems no clear reason to regard the 
anthopodium as “part of the flower” (Schmid, 1972a) rather than as an inter- 
node of the axis below the flower. The transition from the tapering perigynium 
base to the anthopodium is nevertheless externally very indistinct in many 
Myrtaceae. Similar conditions, with varying elongation of the anthopodium 
distal to prophylls or “bracteoles”, are found in many families; there seems no 
reason to call such a flower-stalk a “false” pedicel, since it is merely the last infra- 
floral internode of the axis concerned. Elsewhere, authors have sometimes used 
“pedicel” or “Bliitenstzel” indiscriminately to denote the whole “flower-stalk” 
above the ultimate branch-bearing node, thus including one, two, or even several 
internodes (and in this respect often varying between side and median flowers) . 

R,: The branch from which the a, arises (a, is lateral to R,). The symbol R, 


refers to the ultimate (z) branch or ramus. The R, is the main axis of the 
conflorescence. 


R,: The branch from which the R, arises laterally. In some taxa (e.g. frequently 
in Leptospermum) where the R, and Ry are capable of continued growth, a 
branch may be an R, in one season and then produce laterals that are themselves 
R,’s in a subsequent season, thus an axis that is the R, in relation to one 
conflorescence may be an R, in relation to a conflorescence produced in a later 
growing season. In a few cases, especially when short shoots (brachyblasts) are 
borne ramiflorously or cauliflorously, branching may reach a level of 
complication higher than that of superconflorescence, so that one may designate 
the branch bearing compound brachyblasts as an R,. 
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In those genera with anthotelic frondose branches, the same axis functions as a; 
and R,, and we avoid these designations as inapplicable. 


In well-defined uniflorescences the a, does not bear foliage leaves. We have 
generally noted whether the R, is frondose (leafy) , bracteose, or frondobracteose, the 
last indicating a gradual transition from leaves to bracts. Whether the R, grows on 
beyond the flowering region (auxotelic, in contrast to anauxotelic) , either before or 
after flowering, is also recorded. 


3.5 Bracteoles: prophylls and metaxyphylls 


The term “bracteole” has elsewhere been applied to various bract-like structures 
that are not always equivalent, and is thus insufficiently precise. It is often applied to 
(one or) two distal “empty” phyllomes (i.e. leaf-organs lacking axillary buds or with 
such buds not developing further) on an axis terminating in a flower. When the axis 
is PRONODATE (Appendix II), then the “bracteoles” are also the first phyllomes 
upon it and thus correspond to prophylls (Vorblatter) as designated by Troll (1964, 
1969) . The most distal phyllomes (whether or not they are also the most proximal and 
therefore are prophylls) on an anthotelic axis may not be empty; in that case they are 
not usually termed bracteoles, even though they correspond with bracteoles elsewhere 
in all respects other than the expansion of the buds in their axils. Nevertheless, it is 
often useful to indicate whether empty phyllomes are present below the terminal 
flower of an anthotelic axis. Troll (who does not use the term “bracteole’”’) refers to 
such phyllomes, if they are distal to the last non-empty phyllomes (Tragblatter, our 
PHEROPHYLLS, see Appendix I), as Zwischenbldatter (“betwixt-leaves”) and we have 
adopted this term in the Greek-derived equivalent METAXYPHYLLS (Fig. 3). It may be 
extended to cover the rather rare cases of empty phyllomes distal not to pherophylls 
but to empty prophylls (e.g. on an unbranched plurinodate axis); also we adopt 
Troll’s convention that prophyllar “bracteoles” (i.e. at the proximal node of the axis) 
are not regarded as metaxyphylls, even though they may be entirely similar in 
appearance and function (so far as protection of the flower-bud is concerned) to 
actual metaxyphylls elsewhere in the same inflorescence. (Very rarely there may be 
more than one pair of metaxyphylls.) The somewhat artificial distinctions arise chiefly 
from the different and equally valid reference points: the bottom of the branch-shoot 
for the prophyll; the flower for the “bracteole”; the flower together with lower nodes 


for the metaxyphyll. 
Jy 
m m ap m 
we Le if \ Se 
tes 
Renae nae 
b. c. d. e. 


Fig. 3. Botryoid, triads, anthopodia, and metaxyphylls. ap =  anthopodium, 
m = metaxyphyll, mf = median flower, ph = pherophyll, pr = prophyll, sf = side flower. 

(a) 2-nodate botryoid, anthopodia developed (+), metaxyphylls absent (—). a, and 
a, = primary and secondary axes (respectively) in cases where the whole structure shown is a 
uniflorescence. 

(b) Branches at 2nd node not developed so that the relevant pherophylls of (a) become 
metaxyphylls in (b), and the botryoid becomes a metaxytriad; anthopodia + , metaxyphylls +. 

(c) Asin (b) but anthopodia not developed. 

(d) Triad, anthopodia + . 

(e) Relatively uncommon condition, where, as a result of development of only one lateral 
axillary axis, one member of the distal pair of bracts could be regarded as a metaxyphyll but the 
other as a pherophyll. 
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Metaxyphylls do not occur in strict dichasia where the axes are, by definition, 
uninodate (or at least pronodate). In paniculate systems we generally interpret their 
presence as indicating reduction of the inflorescence from a type with greater poten- 
tial for branching. In Myrtaceae a pair of “bracteoles” (prophylls) is almost always 
associated with solitary flowers (monads) , and generally with side flowers (flanking a 
median flower in a triad). Any bracts between the last branching and the median 
flower are metaxyphylls. 


Inflorescences of the form of triads (Tr) but having metaxyphylls (Fig. 3) are 
distinguished (Tr*) in the summary of inflorescence conditions in Myrtaceae (Table 
3). Similarly M* refers to monads with more than one node on the a,. These 
plurinodate triads and monads (METAXYTRIADS Or METAXYMONADS), unlike normal 
triads and monads, cannot result from the reduction of strictly dichasial systems, but 
derive rather from paniculate or botryoidal inflorescences. 


4. THE PRIMITIVE MYRTACEOUS INFLORESCENCE 


4.1 The general primitive condition in dicotyledons 


Troll (1964, 1969) , Weberling (1965) , and Stebbins (1974) all stress the division 
of flowering-plant inflorescences into two principal types: (a) the determinate or 
monotelic, and (b) the indeterminate or polytelic. (These are respectively (a) 
anthotelic and (b) blastotelzc in our terminology.) Those authors give examples inter- 
preted as reflecting evolutionary change from the former to the latter in various 
families and genera. The examples include cases where formerly anthotelic 
inflorescence types become blastotelic through suppression of terminal flowers and/or 
change in the pattern of development of the distal region of the inflorescence, e.g. 
botryoids can give rise to botrya (racemes). Inflorescences of apparently similar 
“indeterminate” type can result also from aggregation and subsequent reduction of 
anthotelic inflorescences lateral on a blastotelic shoot, for instance, a racemose structure 
may arise from a conflorescence of 1-flowered uniflorescences; if the blastotelic main 
axis regularly fails to grow on (1.e. is anauxotelic) then the resulting inflorescence may 
be indistinguishable from a “classical” raceme or spike, i.e. from a botryum. Cases of 
the first type (suppression of flower development distally) involve change in inflores- 
cence-type without change of order (i.e. degree of complexity) ; those of the second 
type (aggregation) involve the origin of an apparent first-order condition by reduc- 
tion of a second-order system in which the anthotelic elements form part of the higher- 
order blastotelic system. 


In discussing evolution of anthotelic systems, Troll (1969: 254) accepts views 
proposed by Nageli that the panicle may be the basic general inflorescence type in 
angiosperms (the panicle here being defined broadly to include the thyrsoid) . 


Such considerations of the general primitive dicotyledonous condition (and of 
subsequent derived types) are relevant, but cannot be taken as a conclusive argument 
for any particular condition being primitive within an individual family. 


4.2 Inflorescences in families allied to Myrtaceae 


Families included in the Myrtales in recent treatments are considered above (2.1 
and Table 1), where five families are referred to the Myrtales s. str. and seven to the 
Lythrales. In addition, the Haloragaceae are considered as probably allied to the 
Lythrales/Myrtales, while seven other families are excluded from this affinity. 


Omitting the Myrtaceae from discussion at this stage, the three Myrtalean 
families for which there is adequate information include anthotelic SGU’s in at least 
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some genera. Panicles (Melastomataceae and Oliniaceae) and_ botryoids 
(Penaeaceae) sometimes terminate frondose branches; but there are also smaller 
inflorescences (including axillary monads), which may result from reduction trends 
similar to those described below in Myrtaceae (6.2). Accessory branching (6.3.2) is 
common in Melastomataceae. Pszloxylon (Psiloxylaceae) has small axillary 
racemiform inflorescences; these are perhaps anthotelic (botryoids?) , but the limited 
available material (all dried) is insufficient to determine whether the apparently 
terminal flower is indeed truly so. Disperse phyllotaxy in the inflorescence (as well as 
in vegetative regions) and general recaulescence of the bracts increase the difficulty of 
interpretation. Although we have not definitely observed “bracteoles” in Pszloxylon, 
prophylls (bracteoles of side flowers) are present on inflorescence axes in the other 
three families. As will be seen below, these inflorescence conditions are largely in 
agreement with those considered as basic in Myrtaceae. 


In contrast to the Myrtales s. str., the Lythrales present a heterogeneous array of 
inflorescence types. Panicles and a range of fewer-flowered (but still anthotelic) 
inflorescences in Lythraceae, botryoids in Punicaceae, and solitary flowers in 
Sonneratiaceae are at least sometimes terminal on frondose branches. Prophyllar 
bracteoles accompany side flowers and solitary flowers in these families. Botrya 
(blastotelic) and branched systems of botrya, or single flowers axillary to foliage leaves 
on blastotelic axes, characterize Combretaceae, Crypteroniaceae s. str., Onagraceae, 
and Trapaceae. Moreover, these four families all appear to lack prophyllar bracteoles. 


Our observations for Crypteroniaceae are limited to Crypteronza; material of the 
other genera included by van Beusekom-Osinga and van Beusekom (1975) in their 
enlarged concept of the family has not been available for study, and the descriptions of 
inflorescences (van Beusekom-Osinga, 1977) are in terms too general to determine 
whether any of them differ in structural plan from that of Crypteronza. The inclusion 
by Thorne (1976) of Crypteroniaceae at subfamilial level (Crypteronioideae) in his 
Lythraceae is contra-indicated by the discordance of inflorescence types; the other 
three subfamilies (Lythroideae, Sonneratioideae, and Punicoideae — mentioned 
above by their names in family rank) are anthotelic. 


Thorne regards the Lythraceae s. lat. as the least specialized of the families that 
he includes in the Myrtales. As shown below in the discussion of Myrtaceae, blastotelic 
systems can be derived from anthotelic ones. However, in Myrtaceae this has not 
involved loss of prophyllar bracteoles. Derivation of the Combretaceous type of 
inflorescence from that found in Lythraceae would have involved several changes: 
reduction of branching, loss of anthotely, and loss of prophyllar bracteoles. 
Inflorescence types suggest the division of the Lythrales into two major subgroups; 
further study is needed to determine whether such a division is supported by other 
features (see 2.1.2 on the possible significance of leaf-teeth in Trapaceae and 
Onagraceae; this agrees with the inflorescence grouping) . 


Inflorescences in other families considered above (2.1) are as follows: in 
Haloragaceae there is a range from panicles and complex thyrsoids to thyrsoids and 
monads (Orchard, 1975); the basic type appears to be anthotelic, and prophyllar 
bracteoles are present. Gunnera requires investigation of inflorescences, and indeed of 
family position (Weberling, 1956). Rhizophoraceae s. lat. include dichasial and 
paniculate branching systems with frequent loss of median flowers, particularly at the 
lower nodes. Inflorescences in both mangrove and some non-mangrove genera appear 
to be basically anthotelic, with prophyllar bracteoles. The irregular bifurcating 
inflorescences of Ceriops and the highly condensed brachyblast systems of Gynotroches 
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require further analysis, as do the inflorescences of the disperse-phyllotactic 
Anisophylleeae. Inflorescences of Thymelaeaceae are diverse and require study, 
although at least some appear to be anthotelic (e.g. 7-flowered heads in Phalerza) and 
some show prophyllar bracteoles. The Lecythidaceae have botrya with prophyllar 
bracteoles. Hutchinson (1959) illustrates a panicle with prophyllar bracteoles in the 
Dialypetalanthaceae, which is consistent with the suggested position in or near 
Rubiales. Material of the remaining families has not been available for study. 


One should bear in mind that anthotelic inflorescences of basically paniculate 
form are found in other groups for which no particular relationship with Myrtales is 
suggested, e.g. Rutales, Oleales, Rubiales (Troll, 1969: 2-3, and our own obser- 
vations). The Rosales and Saxifragales also have basically anthotelic inflorescences 
(but with secondary departures from that condition); thus this feature in the 
Myrtaies, Haloragales, and part of the Lythrales is generally consistent with a Rosid 
relationship (see 2.1.1). 


4.3 Views of other investigators 


Contrasting views relevant to the nature of the primitive Myrtaceous inflorescence 
have been presented by McVaugh (1956, 1968) and by Dawson (1970b) . More recen- 
tly Dawson (1976) has put forward another contrasting intepretation. Our own 
conclusions do not agree fully with those in any previous account. 


McVaugh (1968) considered that, in the primitive condition, “solitary flowers 
(i.e. 1-flowered peduncles) occurred in the axils of ordinary leaves on indeterminate 
branchlets”, each flower having two (prophyllar) bracteoles. He concluded that 
dichasia had arisen by elaboration, secondary peduncles developing from the axils of 
the bracteoles of the primary flower. The “racemose” arrangement, as in many 
Eugenia species, was explained as resulting from reduction of the subtending leaves 
(frondose pherophylls) to bracts, with some aggregation of the solitary flowers. He 
interpreted the panicle (“the myrcioid panicle”) as arising from “reduction of leaves 
to bracts in whole branch systems”; he did not specifically mention that this would 
involve a switch from the indeterminate (blastotelic) to the anthotelic condition. 
Previously, however, (McVaugh, 1956) he had taken the view “that the primitive 
myrtaceous inflorescence is assumed to be one in which the primary axis, and each of 
the subordinate axes, is terminated by a flower’. His discussion at that time referred to 
some of the difficulties of interpreting and delimiting inflorescences, but did not 
clearly recognize the problem of establishing the relationship between blastotelic and 
anthotelic inflorescence types. 


Carr and Carr (1959), in discussing Eucalyptus s. lat., are among other authors 
who interpreted inflorescence conditions somewhat similarly to McVaugh (1968), 
implying that there had been a build-up of essentially dichasial unit inflorescences by 
elaboration from the single-flowered condition. 


Troll (1969: 2) included the Myrtaceae in a listing of characteristically 


monotelic (anthotelic) families; thus he clearly did not accept the axzllary flower as 
basic. 


Dawson at first (1970b) regarded the panicle as the basic inflorescence type, 
noting that 


“It is often difficult to define an inflorescence and even more difficult to 
distinguish a simple from a compound inflorescence. In this series of papers a 
group of flowers in which the main axis terminates in a flower is regarded as a 
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simple inflorescence, but when the axis terminates in a vegetative bud the 
inflorescence is regarded as compound.” 


Later, however, Dawson (1976) concluded that the basic inflorescence type in 
Metroszderos s. lat. is a dichasial cyme, and that paniculate inflorescences in this 
group are therefore compound. We are more in agreement with his earlier than his 
recent views, but would stress the further aspect of “flexible” development, which 
prevents the primitive condition from being clearly characterized. Nevertheless, 
Dawson’s rule of thumb, quoted above, serves to distinguish between uniflorescences 
(“simple”) and conflorescences (“compound”) in the majority of genera — although 
not in those discussed below under 5. 


4.4 Myrtaceous vegetative morphology 


To understand inflorescence systems, it is essential to look at the flowering shoots 
in the context of the general vegetative growth patterns of the group concerned. To 
this end, we present a synopsis of the exomorphological vegetative conditions that may 
reasonably be inferred, on a comparative basis, to have existed in primitive 
Myrtaceae. Such relatively unspecialized conditions were presumably adapted to more 
or less mesic forest habitats, in which the less specialized members of the family still 
occur, irrespective of the possibility that still earlier ancestors inhabited less mesic 
_ sites, according to the hypothesis of Stebbins (1974). These basic conditions, which in 
some cases are still the most common, can be seen as forming a starting point for 
numerous vegetative specializations, many of which are also listed below to illustrate 
the trends and diversity in the family. Certain features of leaves and hairs not of direct 
relevance to inflorescence systems are also included. 


BASIC CONDITION. — DERIVED CONDITIONS. 


Cotyledons 2, free, foliose. — Cotyledons folded, lobed, thickened, reduced, or fused. 

Germination phanerocotylar. — Cryptocotylar. 

Taproot with laterals. —Adventitious roots, sometimes from upper branches (e.g. 
Metrosideros spp.) , or from slender stems of root-clirnbers (Mearnsia spp.) and 
of creeping chamaephytes (e.g. Darwinza glaucophylla B. Briggs) . 

Primary stem capable of continued monopodial growth; if this is damaged the 
replacement stems also monopodial. —Sympodial growth; multinodate axis 
terminates in anauxotelic bud with acrotonic innovation shoots continuing 
growth (e.g. Metrosideros s. str.; Dawson, 1968b), also, more commonly, 
partial facultative sympodiality associated with flowering regions. 

Perennial, woody. {No herbaceous forms, no stem succulents. ] —No departures from 
these conditions. 

Leptocaul habit, trunk + erect, growth + arborescent, no special modifications of 
branching. —Shrubby habit, low shrubs, chamaephytes sometimes with 
prostrate stems (e.g. Darwinia spp.). —Root-climbers and epiphytes (e.g. 
Mearnsia spp.). — Production of lignotubers from axils of cotyledons or first few 
leaves; buds producing new stems arising from lignotubers (mallee habit, 
especially some of Eucalyptus alliance) , or more rarely from roots (Eudesmza sp. 
= “Eucalyptus” tetrodonta F. Muell.) or underground stems (“Corymbza” spp.) 
—Suffruticose habit (Legrand, 1950; White, 1977) from woody underground 
stems (e.g. Hexachlamys sp., some African Eugenza spp.). — Ability to sprout 
from epicormic buds buried in the bark of trunks (e.g. Tristanzopsis, Syn- 
carpia, most of Eucalyptus alliance). —Brachyblasts, vegetative as well as 
florigenous. 
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Some branching from uniseriate accessory buds (usually phylloscopic). —Loss of 
accessory buds. 
Seasonal resting buds not highly developed. —Perulate resting buds terminating 


seasonal growth and/or in axils. 

Verticillate phyllotaxy (see Appendix II) with leaves opposite and decussate 
throughout. —Ternately verticillate (e.g. Allosyncarpia, Cupheanthus spp.). 
—Disjunct-opposite phyllotaxy (e.g. most of Eucalyptus alliance but virtually 
absent in Arillastrum and Angophora, weakly developed in “Gaubaea”). 
—Disperse (spiral) phyllotaxy (e.g. common in Xanthostemon and 
Lophostemon suballiances, Heteropyxzs and Leptospermum alliances) . In a few 
Symphyomyrtus spp. the juveniles exhibit disperse phyllotaxy, later reverting to 
disjunct (see 8.2, No. 36). Reversion to opposite phyllotaxy following spiral 
phyllotaxy in seedling stage (Xanthostemon spp.). —Plagiotropic leaf 
arrangement due to twisting of internodes or petioles (e.g. Mearnsza spp.., 
especially in root-climbers) . 

Internodes not of two alternating lengths. —Nodes bearing foliage leaves (above 
elongated internodes) alternating with nodes bearing small scale-like phyllomes 
(above very short internodes) , resulting in frondose leaf-pairs being positioned 
above each other, not at right-angles (decussate) (e.g. Calyptranthes spp.) . 

Stipule-lobes minute, several in a transverse intrapetiolar row, + cylindrical or bristle- 


like. —Loss (e.g. Eucalyptus alliance) or some degree of modification of 
stipules. 

Foliage leaves dorsiventral, mesomorphic but not herbaceous. —Similifacial or + 
centric (e.g. Darwinza spp., Chamelauctum). —Enlargement from + centric to 
expanded with secondary anomalous venation (e.g. D. citriodora (Endl.) 
Benth.). 


Leaves not deciduous. —Imperfectly dry-season-deciduous (e.g. some of Eucalyptus 
alliance, viz. spp. of “Blakella”, Symphyomyrtus, “Telocalyptus”’) . 

Not heterophyllous. —With serial leaf modification (“leaf spectrum”) within SGU; 
juvenile leaves more generalized in dorsiventrality and venation than adult 
leaves; this sequence + repeated on reversion shoots, produced after damage to 
main shoots. — Leaves in flowering region much reduced and/or caducous. 

Mesophyllous, t+unspecialized. — Leaves very large (e.g. “Corymbia” spp., Syzygium 
spp., Cupheanthus). — Microphyllous or nanophyllous (many Leptosper- 
moideae, some Myrtoideae). —Pungent (e.g. Leptospermum  spp., 
Acreugenia) , or with drip-tips (especially various Myrtoideae) . 

Leaf margins entire. —Margins minutely-laciniate or “ciliate” (e.g. some of 
Chamelaucium alliance); quasi-dentate or crenulate (Symphyomyrtus spp.) . 
Never with well-defined, vascularized teeth. 

Leaf venation pinnate, brochidodromous with tendency to develop intramarginal 
veins. — Venation with very close parallel laterals spreading from midvein (e.g. 
Metrosideros nervulosa C. Moore & F. Muell., Angophora spp., “Corymbia” 
spp., Decaspermum sp.). —Some main lateral veins + parallel to midvein and 
equally prominent (e.g. Eucalyptus pauciflora Sieber ex Spreng.) 
—Intramarginal and secondary intramarginal veins prominent and + 
approaching midvein; leading to basal acrodromous venation (e.g. Melaleuca 
spp., Rhodamnia). 

Not glaucous.. —Leaves and shoots glaucous or pruinose (e.g. some of Eucalyptus, 
Leptospermum, Chamelauctum, and Acmena alliances) . 

Trichomes unicellular, acute. —Trichomes 2-armed or infundibuliform (still 
unicellular). —Trichomes absent (e.g. Acmena alliance, many of Eucalyptus 
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alliance). —Quasi-stellate arrangement of trichomes (e.g. juvenile Eudesmia, 
Eucalyptus spp.). —Trichomes pluricellular (uniseriate) (e.g. Eucalyptopsis 
alliance, Angophora) . See also 2.2.2. 
Bristle-glands absent. —Bristle-glands present (Angophora suballiance, see Zgeseyega) Ve 
Terpenord-containing, schizogenous oil-glands present in leaves, young stems, and 
floral structures. —Incomplete development, almost complete _ loss. 
—Enlargement or proliferation of glands, and sometimes ducts. 


4.5 The primitive Myrtaceous inflorescence — a flexible system 

Earlier in our investigation we considered that the basic condition was a frondo- 
bracteose panicle, terminal upon a leafy shoot (anthotelic) and with no sharp trans- 
ition between vegetative and flowering regions (Fig. 4). The diversity of other 
inflorescence types was seen as the result of reduction of panicles, often accompanied 
by aggregation. These views now appear to require substantial modification in the 
light of the situations described below (5). Our present conclusions involve some sharp 
contrasts with the general concepts of Troll, but owe much to him in that they arise 
largely from comparison of our findings with his analysis of inflorescences. We are also 
in accord with his stress on the relation of inflorescences to the branching systems of 
the vegetative regions of the plant. 


An arborescent plant with a growth system as described above (4.4), being many- 
branched and leptocaul (whatever its more remote ancestors may have been) , would 
not terminate its aerial growth once and for all in an overall flowering (hapaxanthy) . 
Rather, many of its shoots would eventually, under certain internal and external 
stimuli, pass into a flowering phase while other shoots would remain wholly vegetative. 
The shoots remaining vegetative might be “leaders” determined by their position in 
the general architecture of the tree, or might be in a lateral position but in shade. 


Present conditions in the Myrtaceae and allied families strongly indicate that, in 
the ancestors of this group, when the flowering phase was attained, some multinodate 
frondose shoots would have ultimately terminated in an apical flower. At the nodes 
beneath such a terminal flower the phyllomes would probably be more or less reduced 
(hypsophylls) but grade proximally into normal foliage leaves. [Both hypsophylls and 
pherophylls, respectively equivalent to Hochblatter and Tragblatter as defined by 
Troll (1954, 1957), are commonly included in the less precise category of “bracts”. | 
Such hypsophylls and foliage leaves would be the pherophylls of axillary but usually 
fewer-noded shoots, themselves also usually ending in flowers. These shoots might 
themselves branch in the same manner, and so on, the shortest branches having only 
the single prophyllar node before ending in a flower. In Troll’s terminology the 
branches would constitute a series of paracladza of successive orders. Such a system of 
anthotelic multinodate or plurinodate shoots would constitute a panicle (or a 
typological derivative of a panicle if less branched or fewer-noded, see 6.2) . 


However, since the extent of the anthotelic branching system at any time would 
be ill-defined, depending on whether particular branches had entered the flowering 
phase, in many cases the bounds of an “individual” panicle could not be clearly 
specified. (The difficulties of applying Troll’s synflorescence concept in such cases are 
discussed in Appendix I, together with other reasons for not adopting it.) In trees of 
moist forests the seasonal growth units (SGU’s) , whether vegetative or florigenous, are 
themselves not always clearly demarcated by resting stages, thus increasing the 
difficulty of defining the limits of “an inflorescence” (or of a synflorescence) . 
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Fig. 4. Frondobracteose panicle. In this, as in subsequent figures, all structures are 
represented diagrammatically as if in the same plane, although the actual phyllotaxy is opposite and 
decussate (or disperse and spiral in other taxa). Accessory branching (see Fig. 5) is not shown, 
although this may be a primitive condition in the Myrtacean line. 


It is likely that the tree as a whole would have partially monopodial branching 
(from auxotelic shoots) , augmented by sympodial branching from the development of 
axillary buds proximal to (or even among) branch regions that had entered the 


flowering phase; this is the case in many living Myrtaceae. 


Comparative study suggests to us that the ancestral Myrtaceous condition was of 
the essentially flexible nature postulated above, as indeed it remains in certain living 
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members of the family. In these, when a shoot comes into the flowering stage, the 
shoot apex may possess the potential either to produce vegetative growth or to 
terminate in a flower. In the following account we shall refer to SGU’s on the under- 
standing that sometimes even these are not very well defined. 


The variable potential of the apices may affect the main axes of the SGU and also 
the secondary or higher-order axes, but the latter generally have a greater likelihood 
of becoming florigenous. Likewise, terminal and axillary buds arising from a previous 
SGU (i.e. from older wood) may be similar in their potentialities for development, but 
commonly they differ in the extent of branching and/or growth, so that lateral buds 
often produce anthotelic axes while terminal buds develop vegetative axes, which in 
turn produce anthotelic laterals. 


Evidence for this flexibility comes from the observations (i) that a number of 
genera, in both of the subfamilies and a majority of alliances, show such instability 
within species or sometimes within individuals, and (11) that where the inflorescence 
pattern has stabilized this may be to either a terminal condition (anthotelic SGU) or, 


much more commonly, to anthotelic lateral flowering branches (uniflorescences) of a 
blastotelic SGU. 


A basically flexible condition seems likely to have been the starting point for 
separate trends, in many evolutionary lines, to stabilized patterns of inflorescence 
position and development. The great majority of these lines show increased distinction 
between auxotelic main leafy stems and anthotelic floriferous lateral branches within 
the SGU. However, flexible conditions persist in a number of genera, while in others 
the trend has resulted in the floriferous SGU’s themselves being regularly anthotelic. 
As further developments, such anthotelic SGU’s may be more or less sharply 
distinguished from purely vegetative SGU’s and may be produced terminally, laterally, 
or in both positions, from an earlier SGU. Perhaps only in “Telocalyptus” (Eucalyptus 
alliance) and in most species of Syzygzum and its allies of the Acmena alliance are all 
flowering SGU’s anthotelic. Except for the Leptospermum, Chamelaucium, and 
(perhaps) Eugenza alliances, all alliances have some members that retain anthotelic 
major axes, though in most cases these are greatly in the minority. 


5. ANTHOTELIC/BLASTOTELIC FLEXIBILITY 


We may consider certain examples in some detail as illustrative of the flexible 
anthotelic/blastotelic condition. Since both flexible conditions and more or less fixed 
anthotelic SGU’s are often found in closely related taxa, it will be convenient to discuss 
the anthotelic cases together with further examples of flexibility before treating 
general trends of inflorescence modification and aggregation. 


These are based on examination of a wide range of herbarium specimens, and in 
some cases fresh material, from which representative examples are selected for 
illustration. 


5.1 Flexzbility in Decaspermum paniculatum (Lindl.) Kurz 


We have not observed any anthotelic first-order axes within an SGU but the 
second-order and higher-order axes may produce: 
(a) both terminal and lateral paniculate shoots, so that the whole (or at least the 
distal region) is a panicle and ends in a flower, or 
(b) lateral paniculate shoots only, the apical bud retaining the capacity for 
continued growth (auxotelic) . 
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Fig. 5. Flexibility of inflorescence development in Decaspermum paniculatum. The 
primary axis of the SGU (a) is blastotelic (and auxotelic) ; most of the secondary axes are also 
blastotelic and auxotelic, but (b) is anthotelic. At any node the major lateral axis may be accom- 
panied by a phylloscopic accessory axis; often the major branch is blastotelic and the accessory is 
anthotelic (c, d), or both may be anthotelic (f). Accessory axes may show the same degree of 
branching as the main laterals at that node (e), or be less branched (f). The secondary axes vary 
from frondose (g), or frondulose (d), to bracteose (b). 


Terminal flowers are more common on third-order and higher-order branches 
than on second-order axes within the SGU. In both cases (a) and (b) the inflorescence 
system and its parts may be frondose or bracteose and either extensively ramified, few- 
flowered, or even (on higher-order branches only) reduced to a single flower. Fig. 5 
illustrates a somewhat extreme case of flexibility in D. paniculatum. Although presen- 
ted diagrammatically the figure shows the actual branchings, leaves, bracts, etc. of 
part of the following specimen: Castlewood, Johore, Malaysia — NSW 13876 (NSW). 


Several other Decaspermum species also show similar variability, but some are 
more stable and lack anthotelic leafy shoots. 
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5.2 Flexzbility in Angophora, “Corymbia”, and Eudesmia wzthin the Eucalyptus 
alliance 


An even greater flexibility is shown within Angophora and “Corymbia” 
(Angophora suballiance), and Eudesmia (Symphyomyrtus suballiance), in that 
inflorescences may also terminate the main stems of the SGU. Four developmental 
patterns are found in Angophora (Fig. 6), and these, or variants of them, cover most 
of the conditions in the Angophora suballiance, though only some of them occur in 
Arillastrum and “Blakella”. 


(a) Anthotelic. The terminal flower may be the central flower of a dichasial 
umbellaster or may be a single flower flanked by two 3-flowered or 7-flowered 
umbellasters (these often with reduced “peduncles”), and further dichasial 
umbellasters are borne at the more proximal nodes, so that the whole inflorescence 
constitutes a thyrsoid or a metabotryoid (Fig. 6a). 

(b) Anauxotelic with late failure of terminal bud. The appearance of the 
flowering branch system is much as in (a), but with a terminal abortive bud. This bud 
then commonly appears to consist of vegetative rather than floral organs. The lateral 
umbellasters may then be regarded as uniflorescences. (Fig. 6b) . 

(c) Anauxotelic with early failure of terminal bud. The terminal bud of the fron- 
dose SGU fails before the development of a floriferous region, and one or more lateral 
buds then form thyrsoids, which are commonly bracteose. One such lateral thyrsoid 
may continue the general direction of growth of the original axis, so that its axillary 
position is seen only by careful inspection. (Fig. 6c). 

(d) Auxotelic. The axis of the SGU retains its capacity for continued vegetative 
growth while producing lateral umbellasters, which in this case can be regarded as 
uniflorescences (U’s, see 3.3). (Fig. 6d). 


Cases (b), (c), and (d) together constitute the blastotelic condition. Types (b) 
and (c) appear to be the most common in Angophora, but the frequency of (a) and 
(b) varies from species to species, e.g. (a) is rare (if present?) in A. costata (Gaertn. ) 
J. Britten. ; 


Figure 6 is based on the following specimens (all in herb. NSW); the actual 
leaves, flowers etc. are represented diagrammatically, the positions of fallen flowers 
and bracts being attested by the presence of scars: (6a) A. subvelutena F. Muell., 
Upper Hastings River, N.S.W., Mazden NSW 138369, xi.1897; (6b) A. costata, N of 
Booti Booti, N.S.W., Johnson NSW 123726, x.1953; (6c) A. costata, 20 miles [c. 30 
km | N of Ipswich towards Esk, Qld, Tzndale NSW 123727, xii.1968; (6d) A. costata, 
Botanic Gardens, Sydney, Camfield (?) NSW 140338, c. 1896. 


In Eudesmia the anthotelic condition is uncommon, but it occurs in E. sp. 
(‘Eucalyptus” gamophylla F. Muell.) and hybrids (“Eucalyptus” gamophylla x odon- 
tocarpa F. Muell.) . The other variants in Eudesmza are discussed at 8.2 (No. 35). 


The earlier representation of eucalypt inflorescences by Johnson (1972, 1976) did 
not allow for flexibility as to anthotely and blastotely in the angophoroids and 
Eudesmia. It requires modification in other respects (see 8.2: A.V Eucalyptus 
alliance, 31-40). 


5.3 Additional cases of flexibility or stabilization of major axes on the anthotelic 
pattern 


Genera with flexible conditions or anthotelic major axes are listed below. To 
assist reference to the systematic framework and inflorescence summary (Table 3), 
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the genera are numbered as in that table; some further information is also given 
under 8.2 below. 


3. Cloézia. This genus includes (a) species with anthotelic main axes of SGU’s, (b) 
intermediate types in which the main axes are blastotelic but the laterals are variably 
anthotelic or blastotelic, and (c) a stabilized condition with lateral uniflorescences 
only. The species with panicles or thyrsoids have types (a) or (b), whereas those with 
the more reduced metabotryoids, botryoids, triads, or monads are of type (c). The 
uniflorescence/conflorescence (U/C, see 3.3) distinction applies only in type (c). 


7. Mearnsza s. strictiss. (= Metros¢deros section Mearnsia (Merr.) Dawson) . Panicles, 
thyrsoids, metabotryoids, and botryoids may terminate frondose main axes of SGU’s, 
or may be lateral on a frondose R, or on a bracteose short-shoot R;. 


14. Metrosideros. A rare case of flexibility has been seen in the normally blastotelic 
Metrosideros s. str. (see 8.2). 


18. Whiteodendron. The SGU is sometimes clearly blastotelic, bearing lateral 
uniflorescences that appear to be reduced panicles or metabotryoids (a, with 2 nodes, 
differing from 7-flowered dichasia in the presence of metaxyphylls below the central 
flower) ; however, the central flower of such U’s very often fails to develop, and there is 
some doubt about the structure. In other cases the main axis of the SGU appears to 
end in an arrangement of flowers similar to a lateral U, but (in the limited and imper- 
fect material examined) no developed flower has been observed in the terminal 
position. 


19. Kjellbergiodendron. Lateral panicles or thyrsoids certainly occur. Available 
material also strongly suggests, but does not fully establish, that certain terminal struc- 
tures are large panicles rather than conflorescences of many lateral botryoids or thyr- 
soids. (In this and several other critical cases the extreme distal region has unfor- 
tunately proved susceptible to damage during specimen processing or during growth. ) 


26. Heteropyxis. Panicles are generally terminal, but a few lateral panicles on 
blastotelic axes may perhaps also occur. Weberling (1963) describes this genus in 
terms of Trollian synflorescence concepts, which are appropriate only when it is 
considered in isolation. 


27. Backhousza. B. bancrofti F. M. Bail. & F. Muell. and B. anzsata J. Vickery have 
panicles and metabotryoids respectively; these may either terminate frondose SGU’s or 
be lateral to frondose R,’s. The other species regularly have lateral dichasia. 


29-30. Eucalyptopss and Allosyncarpia. In E. papuana C. T. White panicles 
commonly terminate main axes of SGU’s but sometimes occur laterally on a frondose, 
auxotelic R,, at times themselves constituting SGU’s arising from old wood. In 
Allosyncarpia ternata S. T. Blake the major flowering axes, themselves terminal or 
lateral within the SGU, bear triads laterally in whorls of three. These axes have not 
been observed to terminate in a flower, but comparison with Eucalyptopsis papuana 
suggests that they correspond with the anthotelic axes of the panicles of that species. 
Indeed the situation, if stabilized as non-anthotelic, could represent the establishment 
of a conflorescence (blastotelic) condition wherein the conflorescence is equivalent to 
the whole anthotelic inflorescence in Eucalyptopsis. In an undescribed species of this 
alliance from Queensland the inflorescence is generally similar to that of Allosyn- 
carpia, except that the branching is not ternate but opposite as in Eucalyptopsis and 
that the umbellasters are sometimes more than 3-flowered, though not as commonly so 
as in E. papuana. The apparently contrasting conditions in these three clearly related 
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species are then equivalent to the extremes of anthotelic and blastotelic conditions 
such as occur in a case of flexibility within a species or individual. 


37. “Telocalyptus”. Major axes of flowering SGU’s are regularly anthotelic, in 
contrast to conditions in other members of the Eucalyptus alliance, which are 
facultatively or regularly blastotelic. 


73-76. Calyptranthes and Marlzerea; possibly rarely also Myrcia and Gomidesia. 
These genera, particularly the first two mentioned, may perhaps present a difficulty in 
interpretation rather different from that in most other genera (but cf. 30. Allosyn- 
carpia). McVaugh (1968: 364-5) describes a frequent condition of Marlierea and 
Calyptranthes involving “the abortion of the terminal bud [of the primary axis of the 
panicle] at the first node and the consequent development of a pair of panicles that 
are morphologically equivalent to the lower branches of the panicle in Myrcza”. We 
observed such situations, but were unable to determine with certainty whether the 
aborted bud corresponds to the apex of a vegetative short shoot or to that of the main 
axis of a panicle. Such buds were not aborted flower buds, but this would not be 
expected in either case — the axis of the panicle, had it continued growth, would have 
formed further bracts and nodes before terminating in a flower. Less often the abor- 
tion is observed at the second node of the a,, or similar abortion is repeated at the first 
node of each a), producing four (partial) panicles (or metabotryoids, etc.). 
Comparison with congeners suggests that abortion within the primary panicle has 
indeed been involved and that the whole assemblage therefore corresponds with a 
uniflorescence in allied taxa, although it could now fall within the definition of a 
conflorescence or, in some cases, even a superconflorescence. 


In addition, Myrcza shows clear examples of flexibility. Although in most species 
of this large genus the SGU’s are blastotelic and bear lateral uniflorescences of varying 
degrees of branching (panicles to monads), there are a few in which we have recorded 
terminal panicles, thyrsoids, or botryoids. 


78. Nothomyrcia. The single species is usually blastotelic with racemiform C’s, each 
of which forms an SGU axillary on a frondose R, and bears a number of small, 
crowded, non-floriferous bracts at the base. Rarely, the equivalent branches are 
anthotelic, thus constituting botryoids (e.g. Solbrig et al. 3809, UC). Racemiform C’s 
or botryoids are sometimes lateral on short shoots, which are probably the bases of old 
uniflorescences or conflorescences. 


81. Pseudocaryophyllus. Most species examined bear lateral panicles or triads (and 
uniflorescences of intermediate degree of elaboration may perhaps occur), but 
terminal thyrsoids have also been noted. 


109. Marlceriopses. Thyrsoids and metabotryoids are lateral or perhaps sometimes 
terminal on wood of a previous season; commonly on wood that still retains foliage 
leaves, but rarely also on wood formed two seasons previously. Although they arise in 
the axils of persistent leaves, these appear to constitute separate anthotelic SGU’s since 
they bear one or two pairs of scars at the base, probably indicating the position of 
perules and hence the existence of a resting bud stage. 


116. Osbornza. This bears monads or triads, sometimes with additional bracts on the 
main axis suggesting reduction from more ramified structures. They may be either 
terminal or lateral on the main and lateral axes of the SGU. 


117-119, 121-124. The Acmena alliance (both suballiances but no information about 
Cupheanthus in this regard): Syzygium, Cleistocalyx, Acicalyptus, Acmenosperma, 
Piltocalyx, gen. nov., and Acmena. In this group of genera a few species (e:g. 
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Syzygeum coolminianum (C. Moore) L. Johnson) have blastotelic SGU’s that bear 
lateral uniflorescences. However, in the great majority, the flowering SGU’s are 
regularly anthotelic, bearing terminal panicles, etc. It is common for many SGU’s to 
be short shoots, arising on the old wood from resting buds, and proceeding into the 
flowering phase without a proximal frondose portion. In some species the terminal 
flower buds may show facultative abortion, but not conversion to vegetative buds; i.e. 
they exhibit abortive anthotely, not blastotely. The essentially anthotelic condition of 
flowering SGU’s characterizing most species of this group of genera is in contrast with 
that in Eugenza, with which Syzyg7um and its allies have been considered congeneric 
even by some relatively recent authors (Henderson, 1949; Corner, 1976). 


136. Pelothectum. Our observations from very limited material, together with the 
illustrations of Kausel (1962), indicate flexibility similar to that of some species of 
Decaspermum (5.1) in the lateral branches of the SGU; no anthotelic principal axes 
were observed. 


6. TRENDS OF INFLORESCENCE MODIFICATION 


6.1 Stabilization and demarcation 


From the postulated primitively flexible inflorescence structure (still preserved in 
some taxa), multiple trends appear to have led to constancy of terminal or lateral 
position (of the largest actual anthotelic units) with respect to the main axes of the 
season’s growth. Frondobracteose conditions, showing a gradual transition from the 
foliage leaves to the floral bracts, were probably primitive and there has been a 
sharpening of the distinction between the vegetative and flowering regions. The latter 
may be bracteose or may produce caducous foliar organs, even on otherwise frondose 
axes. 


Throughout the Myrtaceae, stabilization has led to regular production of 
inflorescences that are (i) panicles or reduced derivatives of panicles, or (ii) 
equivalent to parts of paniculate systems. Reduction series occur from panicles to 
smaller anthotelic inflorescences (6.2), but in many other cases it is difficult to deter- 
mine whether such smaller inflorescences are due to reduction of the whole of a larger 
anthotelic inflorescence (e.g. panicle, metabotryoid, botryoid) or to flexibility of 
development. For example, in Decaspermum (Fig. 5) the difference between a 
botryoid and a group of monads appears to be due to flexibility, namely a switch 
between termination in a flower and growing-on of the axis (i.e. between anthotely 
and auxotelic blastotely). Generally it seems probable that axes (a,’s) of lateral 
uniflorescences are homologous with the lower lateral branches, rather than with the 
main axes, of panicles terminal on anthotelic SGU’s. Equivalence to the main axis 
would imply an elaboration and change of the overall pattern of seasonal growth (and 
hence the extent and “tely” of the SGU) to bring these axes into lateral positions. 
Indeed, such a change would mean that a season’s growth would come to include the 
equivalent of several former (anthotelic) SGU’s, these being borne laterally on a 
blastotelic main axis. This seems unlikely to have happened widely and is suggested by 
few examples, though it may have occurred in part of Syzygzum (S. coolminzanum, see 
De): 


Flowering is often restricted to part only of the SGU. Uniflorescences or 
conflorescences in some taxa may be borne at most nodes (pantotonically) but in 
others the arrangement is characteristically acrotonic, mesotonic, or basitonic. The 
“Stenocalyx” arrangement described by McVaugh (1968) refers to basitonic, 
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auxotelic, racemiform conflorescences as seen, for example, in some species of 
Eugenia, Myrczanthes, and Campomanesia. 


A clearly differentiated inflorescence of relatively constant position has been a 
prerequisite for many other evolutionary developments, in particular those involving 
reduction and aggregation. 


6.2 Reduction of branches and branching 


As we have seen, smaller inflorescences may be derived by way of 
anthotelic/blastotelic flexibility, followed by fixation of blastotely in some axes of a 
flowering SGU. Thus what would, in the anthotelic state, be regarded as an expanded 
panicle may be partitioned into smaller units. For instance, Figs. 5 and 6 display thyr- 
soids, dichasia, botryoids, metaxytriads, metaxymonads, triads, and monads, showing 
various degrees of partitioning and reduction. In this section we shall rather deal with 
reduction in inflorescences, whether they be terminal or lateral on an SGU, without 
departure from anthotely within them. Although the expanded panicle is here taken 
as the starting point, the same processes may apply in the further reduction of the 
already limited inflorescences derived by partition. 


Reduction from a paniculate condition may occur in: 


(A) number of nodes on axes of various orders, 
(B) degree of branching, and/or 
(C) number of flowers (by abortion) without reduction in degree of branching. 


Most often, on multinodate axes and particularly in large inflorescences, reduc- 
tion in degree of branching does not occur alone but is associated with, or follows, 
reduction in number of nodes. This results in the axes of highest remaining order each 
retaining only a single node with its two empty prophylls. Such a balanced reduction 
of nodes and degree of branching is here designated (AB). In smaller inflorescences, 
and only in a minority of cases, (B) may predominate so that the reduction in number 
of nodes is less complete. The axes of highest remaining order are then plurinodate, 
bearing at least one pair of empty hypsophylls in addition to the prophylls. 


Many particular reductions can be inferred by comparison of related taxa, and in 
some cases individual specimens may display several stages, even within an SGU. 
Examples of the most frequent sequences are given below. These may be combined in 
a variety of ways. (Inflorescence designations are followed by reference to relevant 
figures. ) 


(i) Panicle (Fig. 7a) is reduced by process (AB) to a panicle in which all lateral 
branches are botryoids (not illustrated) ; thence in turn by (A) to a metabotryoid 
(7b) ; by (AB) to a botryoid (7c); by (A) to a triad (7i) ; and by (AB) to a monad 
(7). 

(ii) Panicle (7a) is reduced by (A) affecting all axes except the a,, to a thyrsoid 
(Fig. 2b); thence, by (AB) affecting dichasial lateral branches, to a metabotryoid 
(7b) . 

(iii) Botryoid (7c) is reduced by (B) affecting upper nodes and by (A) not 
keeping pace with (B), to a metaxytriad (7g); thence by (B) to a metaxymonad 
(7h) ; and by (A) to anormal monad (7}). 

(iv) Metaxytriad (7g) reduced by (A) to a normal triad (7i). 

(v) Metabotryoid (7b) reduced by (A) to a 7-flowered dichasium (7e). 

(vi) Panicle (7a) reduced by (A) to a high-order dichasium (7d); thence by 
(AB) to a low-order dichasium (7e) ; and by (AB) to a triad (7i). 
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(vii) Dichasitum (7d) reduced (by (C) affecting median flowers) to a dichasium 
in which the median flowers at lower-order branchings are suppressed (7f). One may 
compare the condition in many Rhizophoraceae (see 4.2). 

(viii) Dichasium (7d) reduced (by (C) affecting side flowers) to a modified 
dichasium in which the higher-order branchings are pseudomonochasial (not 
illustrated, see Appendix II: pseudomonochasium) . 

(ix) A range of inflorescence types may be reduced, by (B) predominating in at 
least some parts of the inflorescence, to conditions in which non-branching nodes 
occur at various points (not illustrated) . 


Metabotryoids, botryoids, small dichasia, triads, and monads can be derived by a 
variety of paths, and one can arrive at their precise origins only by comparative study 
of related taxa, if at all. No fossil series is likely to be found to give more direct 
evidence of sequences of this kind. 


The most common sequence has followed a pattern of alternating (or con- 
current) narrowing and shortening, broadly of the AB~A~AB~A~AB 
type, as for example in the Syzygzwm suballiance, which shows a range from panicles 
through metabotryoids, botryoids, and triads to monads, but, so far as known, no 
high-order dichasia or thyrsoids. We have not found thyrsoids and dichasia to be 
frequently present in the same genus, although both do occur in Myrrhinzum and in 
Pilothecium. In these, the dichasia apparently represent shortened thyrsoids, but in 
the Angophora suballiance dichasial uniflorescences are equivalent to the lateral 
dichasial branches of terminal or lateral thyrsoids (see 5.2 and Fig. 6). The same may 
apply to Eudesmia (Symphyomyrtus suballiance) in part, but dichasial umbellasters 
in some Eudesmza species are equivalent to (less reduced) metabotryoidal 
umbellasters, which themselves may be derived from thyrsoids. 


Most often, although thyrsoids show node reduction to dichasial form in their 
lateral branches, they are associated in the same genus with metabotryoids and 
botryoids, i.e. the reduction is confined, in the taxa concerned, to the a,’s and their 
branches, whereas the a, remains multinodate. 


A few genera show evidence of reduction from a paniculate condition along both 
a “narrowing-then-shortening” path and a “predominantly shortening” path. Thus, 
both longish panicles and dichasia of seven or more flowers are known in Backhousza, 
while both botryoids and dichasia of seven or more flowers occur in Myrrhinzum and 
Blepharocalyx. 


Reduction in the number of flowers (process C) has rarely become 
phylogenetically fixed without corresponding reduction in the degree of branching. 
The dichasia of some species of Backhousza do show regular abortion of central flowers 
at lower branchings and the thyrsoids of (8) gen. aff. Mearnsta (“Adnatae” = spp. 
such as “Metros¢deros” queenslandica L. S. Sm.) show similar abortion at certain 
nodes. Troll (1969: 256) drew attention to the facultative suppression of central 
flowers in panicles of Syzygium aromaticum (L.) Merr. & Perry (‘Eugenia 
caryophyllata”). In some species of the Eucalyptus alliance the ultimate (and 
sometimes penultimate) branching has switched in part from dichasial to 
pseudomonochasial, presumably associated with crowding in the primordial stages of 
the more floriferous umbellasters (Carr and Carr, 1959). 


6.3 Increase of branching 


6.3.1 Elaboration of normal branching pattern 
Inflorescence reduction appears far more frequent than elaboration, but there is 
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no reason to suppose that the primitive Myrtaceous condition was an inflorescence as 
highly branched and floriferous as the largest now found, e.g. in species of ‘“Telocalyp- 
tus” (37) or of Pementa (82). Whilst developmentally (organogenetically) it is true 
that branching proceeds by a building-up process in every case (however condensed 
this may be in the shoot primordia), phylogenetically we consider that the reduced 
conditions are in general secondary. 


Low uniflorescence flower-numbers are most often associated with highly 
modified bracts, specialized flowers, aggregated systems (conflorescences or super- 
conflorescences) , and other specializations. These usually permit little flexibility of 
growth, and are associated with condensed growth patterns in which primordia of all 
branches are laid down before the inflorescence (or often the conflorescence) buds 
unfold. Such conditions are, of course, often manifestly adaptations to advanced 
pollinator associations or to seed-dispersal or seed-protection mechanisms associated 
with specialized fruit-types. 


Conversely, many-flowered anthotelic systems are usually more flexible in branch 
or node number, and their developmental patterns are more “open”, allowing the 
possibility of some inflorescence elaboration beyond that of the ancestral condition, if 
such elaboration is favoured by selection. Conflorescences of many small uniflores- 
cences may themselves have varying degrees of constraint on open-ended develop- 
ment. 


Some taxa do show a degree of flexibility in reduced uniflorescences, if these are 
not very highly specialized. In such cases, where structural modifications do not 
prevent it, a facultative capacity is retained for development beyond the prevailing 
levels of branching or node number (e.g. some Baeckea spp.). 


6.3.2 Accessory branching 


A rather different, but obvious and widespread, type of “elaboration” is the 
presence of accessory axes or uniflorescences (Fig. 5). We believe accessories to be a 
primitive feature within the family, for they occur in both subfamilies and in 10 of the 
13 alliances recognized, as well as in at least one other Myrtalean family, namely 
Melastomataceae. Accessories are unknown in the Leptospermum, Chamelaucium, 
and Osbornia alliances, which are among the most specialized in the family, The 
accessory axes are generally phylloscopic (Troll, 1969), i.e. situated between the main 
axillary axis and the subtending pherophyll, but both phylloscopic and axonoscopic 
accessories sometimes occur at the same node, with several axes in a vertical series in 
the axil. Accessory axes may be present in the vegetative as well as the floriferous 
regions. Uniflorescences may be accessory to leafy branches, and single flowers 
accessory to large panicles or to other well-developed uniflorescences. 


6.4 Phyllotactic change 

Opposite and decussate leaf arrangement is the basic and most widespread 
condition in Myrtaceae, but some members of several Leptospermoid alliances have 
disperse phyllotaxy, as noted in Table 3. In much of Eucalyptus s. lat., and in some 
other genera, the members of a leaf-pair in adult plants (but usually not in juveniles) 
are separated by an zntranode or elongation of the nodal regions (Jacobs, 1955). This 
condition is here termed DISJUNCT-OPPOSITE phyllotaxy. Rarely, as in Allosyncarpiza, 
Ballardia, Cupheanthus spp., and occasionally in vigorous regeneration shoots of 
some species of the Eucalyptus alliance, each node bears a whorl of three leaves 
(ternate phyllotaxy) . 
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Whereas the foliar phyllotaxy generally continues in all blastotelic shoots, and 
therefore in the R,’s of conflorescences, the basic opposite and decussate phyllotaxy is 
commonly preserved in the branching pattern of the uniflorescence or in anthotelic 
inflorescences; dichasial rather than monochasial systems are therefore general. For 
instance, in Lophostemon, most species of Xanthostemon, and some species of 
Melaleuca and allied genera, the vegetative phyllotaxy is disperse (spiral), but 
opposite and decussate phyllotaxy is retained in the uniflorescences. This is true also of 
Leptospermum and its allies, but less obvious since the uniflorescences are almost 
always reduced to monads in which the opposite condition is observable only in the 
prophylls (“bracteoles”’) . 


On the other hand, in those species of Xanthostemon formerly referred to Nanz, 
the uniflorescences are often somewhat irregularly branched and depart more from 
the opposite and decussate condition than does the foliage. Table 3 and section 8.2 
record other instances of disjunct-opposite phyllotaxy and of recaulescence (defined in 
Appendix IT). Concaulescence is rarer, but is occasionally found in those groups that 
tend to some irregularity in the uniflorescence or anthotelic inflorescence. 


6.5 Shortening and differential growth of internodes 


Phylogenetic shortening of internodes is, of course, achieved developmentally by 
suppression of internode elongation. Such trends may affect all axes, resulting in 
sessile flowers as in the whole Calothamnus suballiance, or may selectively affect axes 
of a particular order. Shortening of higher-order axes, producing clusters of sessile 
flowers at the periphery of a branched inflorescence, is seen in Eucalyptopsis, Allosyn- 
carpia, Heteropyxis, and some Syzygium species. In the umbellasters (usually 
dichasial) of the Eucalyptus alliance (5.2), axial elongation is in general completely 
suppressed except usually for the proximal internode (“peduncle”), the anthopodia 
(“pedicels’”, above the most distal bracts or branchings), and for some degree of 
¢ntranode elongation in certain species of Symphyomyrtus sect. Adnataria (Carr and 
Carr, 1959; Johnson, 1972) . Several Backhousza species show similar reduction except 
that the shortened internodes are not entirely obsolete. In the uniflorescences of 
Syncarpra and Choricarpza all axes are reduced except the “peduncle”. The result in 
Syncarpia is a flattened 7-flowered dichasial grouping of a central flower flanked by 
two triads, and at the fruiting stage these are embedded, by concrescence of the 
perigynia, in an enlarged and woody “compound fruit”. In Chorzcarpza the dichasial 
cluster (perhaps sometimes condensed-paniculate) , of 15 or more flowers, is globose 
but not lignified in fruit. These two genera are much more different than their names 
and previous taxonomic treatment would suggest. Fusion of the shortened axes and 
the floral perigynia has arisen, clearly independently, in the head-like umbellasters of 
Syncarpia, Choricarpia subargentea (C. T. White) L. Johnson, Allosyncarpia, and 
Symphyomyrtus lehmanni Schau. (‘“Eucalyptus” lehmannia (Schau.) Benth.) . 


Increased or differential elongation of internodes is also observed in some taxa, 
leading for example to corymbiform patterns, as in some of the Angophora sub- 
alliance. A similar phenomenon is observed in conflorescences in such genera as Vertz- 
cordia, Pileanthus, and Actinodium (Chamelaucium suballiance) . 


7. AGGREGATION OF UNIFLORESCENCES 
AND MODIFICATIONS OF CONFLORESCENCES 


The distinction between uniflorescences (“unit inflorescences”) and 
conflorescences has already been mentioned (3.3). Conflorescences are extremely 
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widespread and have been subject to many of the same trends of modification as 
uniflorescences. In addition to the taxa recorded (Table 3) as having specialized 
conflorescences, many that lack any high degree of conflorescence specialization 
nevertheless show some grouping of uniflorescences at nearby or successive nodes. In 
some taxa, a further aggregation and/or reduction has led to compound groupings of 
higher order, swperconflorescences. 


The more notable conflorescence types occur in genera with much-reduced 
uniflorescences, and all the examples discussed concern triads or monads. Where the 
uniflorescences are less reduced —panicles, thyrsoids, metabotryoids, botryoids, 
larger dichasia— only more loosely organized conflorescences are found. In the 
Eucalyptus alliance the uniflorescences are usually umbellastral condensed dichasia 
(or sometimes umbellastral metabotryoids); they are variously arranged in 
conflorescences as shown by Johnson (1972, 1976), subject to the modifed inter- 
pretations indicated below (8.2: 31-40). 


This discussion and Table 3 do not include as conflorescences the even less 
defined situations where adjacent leafy shoots are sufficiently coordinated in their 
growth to form a loose but functionally significant massing of flowers although, in a 
more general (topological rather than functional) sense, any part of a blastotelic SGU 
(or in some cases a blastotelic branch within an SGU) that bears lateral uniflorescen- 
ces may be regarded as a conflorescence, and its main axis as an R,. The modifications 
of conflorescences are illustrated by the following examples. Except for Fig. 8d, which 
is taken from a particular specimen, the figures are schematic only. 


7.1 The eugentoid racemiform conflorescence 


Uniflorescences in Eugenza s. str. are monads, except in a few species that 
produce occasional triads (e.g. the Floridan E. dizchotoma DC.) and a few others that 
probably do not belong to the genus (see 8.2, No. 140). The uniflorescences are borne 
in racemiform conflorescences on leafy branches (Fig. 8a, b), or the conflorescence 
axis (R,) may be reduced to a bracteose short shoot (Fig. 8c). Particularly in 
ramiflorous or cauliflorous species, the R, may be so reduced as to be inconspicuous 
(Fig. 8d), bearing a dense cluster of monads. Similar racemiform conflorescences are 
a feature of many Myrtoideae with monad uniflorescences. Particularly in basitonic 
species of Eugenza, the conflorescences are often in loose or relatively well-defined 
aggregations, 1.e. superconflorescences. 


Figure 8d depicts a ramiflorous example from E. capuli (Schlecht. & Cham.) 
Berg (Micos, San Luis Potosi, Mexico, Pringle 3966, NSW). Condensed racemiform 
C’s, each of them a separate SGU, with one or several small perular bracts at the base, 
arise from each of two (rarely one or three) superposed axillary buds, one or more 
thus being accessory. These buds are axillary to foliage leaves and/or arise from wood 
formed in a previous season (penultimate or earlier SGU) . Sometimes a phylloscopic 
accessory C may be situated below a frondose branch arising in the same axil. Fron- 
dose SGU’s on the same shoot sometimes also produce lateral monads (U’s) or short 
C’s in a basitonic position. In some other species short shoots (brachyblasts) with 
completely unelongated internodes arise laterally on the old wood and produce 
monads (axillary to bracts on the brachyblast), each of which appears to be in a 
separate SGU. Available material has been insufficient for us to determine whether 
these SGU’s each consist of a monad alone or of an extremely short brachyblast (R,) 
bearing a monad laterally; the latter would be expected in view of the generally 
blastotelic conflorescences of Eugenia. The primary brachyblasts also produce 
definitely blastotelic branches (which are also brachyblasts), and thus highly con- 
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densed short-shoot systems (compound brachyblasts) may persist, and remain 
floriferous, on the old wood for several years. The axes in such a cluster may therefore 
include a,’s, R,’s, R,’s, and R,’s. 


7.2 Conflorescences of the Chamelaucium suballiance 


The conflorescences of this group of about 13 genera show a spectacular diversity 
in appearance, concealing a basic uniformity. The same uniflorescence is common to 
all: a pedunculate monad with prophylls (“bracteoles”) but without anthopodium. 
The uniflorescence in this alliance and the common condition for Eugenza are iden- 
tical — indeed a striking convergence reached through extreme reduction. In several 
genera the prophylls are fused (e.g. Vertzcordia, Pileanthus, some Calytrix spp.) or 
imbricate; they serve to protect the floral buds up to a fairly late stage of develop- 
ment, the calyx-lobes being small or petaloid and therefore ineffective in this regard. 


Thryptomene and Micromyrtus show no substantial modification of this 
arrangement (Fig. 9a), although the functional attraction of the small flowers is 
enhanced by their occurrence at the many rather closely spaced nodes in the 
floriferous region. Throughout the suballiance the R, is relatively little modified. A 
minority of species in Chamelauczum and Verticordia show some development of 
anauxotelic floriferous shoots but, even in these species, the R, may sometimes grow 
on after flowering. 


Although a few species of Darwinza show little or no conflorescence specialization 
(Fig. 9b), most have groups of two or more pairs of very shortly pedunculate monads 
in dense heads, commonly with the R, growing on after flowering (Fig. 9c). The 
pherophylls (subtending leaves) of the U’s are inconspicuous, but a few pairs of 
adjacent leaves are often greatly enlarged, petaloid, and coloured. The Western 
Australian species show a sequence from (for example) the little-modified D. 
thymozdes Benth., through D. virescens (Meissn.) Benth., where the petaloid leaves 
are about as long as the perigynia (‘floral tubes”), to the pendulous “bells” (Fig. 9d) 
of D. meeboldi C. A. Gardn . (“Mondurup Bell”) or D. speczosa (Meissn.) Benth., in 
which individual flowers are hidden by several series of long petaloid leaves and the R, 


eg 


Fig. 9. Conflorescences in the Chamelauczum alliance (see text) . 

(a) Least modified condition, as in Thryptomene and Micromyrtus. 

(b, c, d) Various degrees of modification in Daruwinia (Rz sometimes auxotelic). 

(e) Capitulum-like corymbiform conflorescences of Actznodium, with proximal (outermost) 
ray-like sterile U’s. 
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is anauxotelic, so that the conflorescence with its involucre of coloured leaves closely 
mimics a single large flower. 


Equally remarkable in appearance are the daisy-like, densely corymbiform 
pseudanthia of the monotypic Actznodium (Fig. Ye), in which the “rays” of the 
capitulum-like conflorescences consist of several rows of modified sterile flowers. The 
axis of the conflorescence is somewhat swollen but not flat, and variation in the length 
of the peduncles of the monads brings the flowers to approximately the same level, 
although the outermost arise c.2-5 mm below the innermost. The R, may end in an 
aborted vegetative apex (anauxotely) or may grow on after flowering (auxotely) . 


7.3 Conflorescences and superconflorescences in the Calothamnus suballiance 


Uniflorescences in the majority of genera of the Calothamnus suballiance are 
triads, although this arrangement is often obscured by their condensed internodes, 
lack of anthopodia, and crowding in the dense, usually auxotelic, spike- or cluster-like 
conflorescences (Fig. 10a). The perigynium and ovary of some Calothamnus species 
are partly embedded in the conflorescence axis (R,) but the three-flowered groupings 
are relatively easily discernible. The uniflorescences are reduced to monads in 
Callestemon (Fig. 10c), in some species of Melaleuca (Fig. 10b-e) , and in Lamarchea 
and Eremaea. Monads also characterize some so-called “Callistemon” species of New 
Caledonia (e.g. C. panchert Brongn. & Gris) , which combine Callistemon-like flowers 
with Melaleuca-like leaf venation, and which apparently warrant generic segregation 
(genus 46) or perhaps transfer to Melaleuca. In most genera, including many species 
of Melaleuca, the R, is auxotelic, growing on as a frondose shoot either before or after 
flowering (Fig. 10a-c) ; in some Melaleuca spp. (e.g. M. laterzflora Benth.) the short 
conflorescences, of several monads, are anauxotelic and form a superconflorescence 
on the auxotelic R, (Fig. 10d). 


Of particular interest is Melaleuca exarata F. Muell. (Fig. 10e), which has 
numerous flowers each embedded in the corky bark, forming an extended spike-like 
arrangement. This species exemplifies a further extreme of reduction and 
aggregation: the whole apparent “spike” is a superconflorescence (its axis an Ry), 
each individual flower represents a conflorescence reduced to a single uniflorescence, 
itself a monad, and the numerous bracts around the base of each flower give evidence 
of the highly compound arrangement. 


The conflorescences are themselves reduced to single flowers also in Lamarchea 
and Eremaea. In Lamarchea these monads occur singly, laterally (but not evidently 
so) on a short-shoot (brachyblast) R,, which is so reduced that one sometimes cannot 
discern any abortive apical bud, but which retains several empty bracts near the base 
of the flower (i.e. the base of the monad U). In Eremaea the R, is also very short, but 
its apical bud is usually discernible and occasionally grows on after flowering. The 


conflorescences may occur singly, or a few at nearby nodes in a very loose super- 
conflorescence. 


7.4 Conflorescences and superconflorescences in Hypocalymma 
In this Western Australian genus of the Baeckea suballiance (Chamelaucium 
alliance), the inflorescences superficially resemble spiciform conflorescences (as 


found in the Calothamnus suballiance) , but examination shows that the aggregations 
are commonly of a higher order than is at first apparent. © 


The uniflorescences are monads borne at the lowest one or two nodes of 
brachyblasts; rarely in H. speciosum Turcz. these shoots have been observed to be 
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Fig. 10. Spiciform conflorescences and superconflorescences in the Calothamnus suballiance. 
(See text for further explanation.) Calothamnus shows type (a) ; various species of Melaleuca show 
all types (a-e) ; Callzstemon shows type (c) . 

(a) Conflorescence of triads. Below the conflorescences there are often perular bracts (as 
shown) or the scars of such bracts. 

(b) As (a) but the U’s reduced to monads. 

(c) As (b) but with disperse phyllotaxy. 

(d) Superconflorescence: the lateral clusters of flowers are very short bracteose conflorescen- 
ces on anauxotelic axes. 

(e) As (d) but the lateral conflorescences reduced to monads, e.g. Melaleuca exarata. 


auxotelic (Fig. lla). The two or four monads on such a brachyblast constitute a 
conflorescence, and these C’s usually occur at several adjacent nodes in the floriferous 
region, forming a spiciform superconflorescence. The R, and the peduncles of the 
monads are so greatly condensed that the clusters of two or four flowers (Fig. 11b, c) 
are sessile or subsessile in the axils of leaves on the main axis (Ry). The R, is frondose 
but the R, is nearly always bracteose. Functionally, unlike those of the Calothamnus 
alliance, the conflorescences and superconflorescences of Hypocalymma are not 
compound “brush-blossoms” (see 9) but merely aggregations of flowers with showy 
petals. 


7.5 Conflorescences and superconflorescences in Leptospermum 

The uniflorescence is a monad except in the cases of L. mjoebergz Cheel (section 
Fabricia) and L. sp. aff. brachyandrum (F. Muell.) Druce (section Leptospermum) . 
Both of these seldom-collected northern Australian species have triads and monads, 
often on the same shoot (Fig. 12a). 
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Fig. 11. Conflorescences and superconflorescences in Hypocalymma. 
(a) Uncommon condition without obvious superconflorescence specialization, and in which 
the conflorescence axes are auxotelic. 


(b) Superconflorescence: the four flowers of each condensed conflorescence are sessile in the 
leaf axils, and the conflorescence axes are anauxotelic. 
(c) As (b) but the conflorescences reduced to two flowers only. 


When the U’s of L. sp. aff. brachyandrum (“Brass’s Purple-barked Turkey- 
bush”) from the Kennedy Range, North Queensland, have more than one flower, they 
often also have an extra non-floriferous node on the a, proximal (prophyllar) or distal 
(metaxyphyllar) to the branching node; in some cases there may be such an extra 
node on the a) (observed in cases where there is no extra node on the a,). The very 
small bracts on the binodate axes may appear at first to be superposed rather than 
decussate, but careful examination indicates that this is probably due to crowding and 
distortion in the very tight buds. These uniflorescences are the only ones in the 
Leptospermum alliance that are more complex than a simple triad — their occurrence 


would seem to indicate that the ancestral uniflorescence form in the alliance was not 
dichasial. 


Conflorescence development, with monads at several or many successive nodes, 
may involve a relatively unmodified, auxotelic, frondose R, (Figs. 12a, b) asin section 
Fabricza in part, L. firmum Benth. (see 8.2, No. 36), and some species of section 
Leptospermum. 


Further reduction (Fig. 12c) results in the proximal portion of the R, being 
greatly shortened so that, even though it may retain a frondose region, most authors 
have described the flower(s) (usually one or two) as subsessile; the R, may be 
anauxotelic or may grow on after flowering, sometimes to become the R, of the next 
season’s conflorescences. In Fig. 12d the phyllomes on the R, are reduced to bracts 
(hypsophylls) ; the numerous conflorescences, each reduced to one monad, are 
grouped in a superconflorescence, as in many species of section Leptospermum. The 
R,’s are then so reduced that the flowers appear sessile on the Ry, the incon- 
spicuous scarious-membranous perular bracts around their bases (concealing the 
abortive tip of the R,) giving evidence of the extent of reduction and aggregation that 
has occurred. 
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Fig. 12. Conflorescences and superconflorescences in Leptospermum. Non-elongated axes 
shown by broken lines. 

(a) Triad (very rare) and monad U’s in relatively unspecialized conflorescence. 

(b) As (a) but U’s regularly monads (anthopodia developed or not). 

(c) Conflorescence of several monads; R, anauxotelic in the case illustrated (some otherwise 
similar cases are auxotelic) and frondose, but with the internodes not elongated. Such conflorescen- 
ces often aggregated in superconflorescences. 

(d) Spiciform superconflorescence: the conflorescence axes as in (c) but bracteose. 


8. SURVEY OF INFLORESCENCE CONDITIONS IN MYRTACEAE 


8.1 Summary of inflorescence types in Myrtaceous genera 


Table 3 presents a summary of the main inflorescence features of each generic 
taxon here recognized (see 2.2.3). These are arranged in the alliances, suballiances, 
and infra-alliances discussed above (2.2). Some supplementary information on the 
status and affinities of many of the genera is given below (8.2), together with 
additional information on inflorescence features. 
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8.2 Systematic and inflorescence information on particular taxa 
(supplementary to Table 3) 


A.I Metrosideros alliance. We gratefully acknowledge the co-operation of Peter 
G. Wilson and John T. Waterhouse (University of New South Wales) in making 
available unpublished information on Tristanza s. lat., Xanthostemon s. lat., and a 
number of allied genera. The recognition of segregate genera in these complexes is 
largely founded on the conclusions reached in their broadly-based comparative 
studies. 


2. Bastsperma. Although the inflorescence is dichasial, this resembles other 
genera of the suballiance in its basal placenta with erect anatropous ovules. The ovary 
is 2-locular (Foreman, 1978) but only one carpel develops to form the single-seeded 
fruit. Although the genus has previously been placed in the vicinity of the “Trzstanza” 
complex (i.e. the Lophostemon suballiance, rather than Trestanza s. str) , its gynoecial 
structure indicates that it is more appropriately included in the Kanza suballiance. 


3. Cloézta. Variably anthotelic or blastotelic, U/C distinction often inapplicable 
(see 5.3). So far as observed, dichasial branches are lateral (and acrotonic) or 
terminal on anthotelic SGU’s and therefore form part of a terminal thyrsoid. Axes at 
times with some interpolated non-floriferous nodes. Recaulescence and intranode 
development common; concaulescence occasional. 


4. Lystcarpus. This monotypic genus, the only Australian representative of the 
suballiance, is particularly close to Cloézza. 


A.1.i1 Metrostderos suballiance. Some of the interpretations, and occasionally 
the observations, of inflorescences given by Dawson (1970-76) for taxa 7-14 differ 
from those given here. 


5. Gen. nov. “Parrot Creek”. Assignment of this NE Queensland taxon to this 
suballiance is supported by (a) the large peltate placenta bearing anatropous ovules 
distally on the outer edge in several rows, and (b) the deep indentation of the ovary 
around the base of the style. The fascicled stamens, in which it differs from Mearnsza, 
are found in this suballiance also in Trestanza s. str. 


6. Tristanza s. str. Monotypic: T. nerzzfolia (Sims) R. Br. Metabotryoids (a; 
with two nodes) or dichasia of 7-3 fls. 


7-14. Mearnsia and allies. Dawson (1976) took an extremely broad view of 
Metrostderos, in which he recognized a subgenus Mearnsza (comprising genera 7-11 
of our listing) , as well as a subgenus each for genera 13 and 14. Curiously, he did not 
include Tepualza, which, as he observed earlier (Dawson, 1972e), is close to Mearnsza. 
On the basis of examination of material and from information presented in Dawson’s 
series of papers, we consider generic status appropriate not only for Metros¢deros 
subgen. Carpolepis Dawson (= Ballardia q.v.), but we regard his subgenus Mearnsza 
as comprising five groups of generic status. These correspond to Dawson’s sections and 
two of his subsections. The Latin terminations of the sectional and subsectional names 


used by Dawson (1976) are inconsistent, and in some cases irregular, but they are used 
here for the time being. 


7. Mearnsia s. strictiss. = Metrostderos subg. Mearnsta sect. Mearnsza sensu 
Dawson (1976). U/C distinction mostly inapplicable (see 5.3). Inflorescence terminal 
on frondose branch or on bracteose short shoot, or lateral on frondose branch (R-). 
Sometimes unclear whether inflorescence is a botryoid with failure of apical flower or 
is a racemiform conflorescence. 


8. Gen. aff. Mearnsia (“Adnatae”) = Metrosideros subg. Mearnsza sect. Adnatae 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEw SOUTH WALES, Vol. 102, Part 4 


B.G. BRIGGS AND L.A.S. JOHNSON 215 


Dawson. Median flowers often abortive except the most distal (see 6.2). Recaules- 
cence common. 


9. Gen. aff. Mearnsia (“Crystalla”) = Metrosideros subg. Mearnsia sect. 
Crystalla Dawson. The only African member of the Metroszderos alliance. 


10. Gen. aff. Mearnsia (“Inclusis”) = Metrosideros subg. Mearnsia sect. Calyp- 
tropetala Dawson subsect. Inclusis Dawson. Since metaxyphylls are present, the 
apparent triads (metaxytriads) cannot represent reduced dichasia. 


11. Gen. aff. Mearnsia (“Calyptropetala” s. str.) = Metrosideros subg. Mear- 
nsia sect. Calyptropetala Dawson subsect. Exsertis Dawson. 


13. Ballardia Montr. (1860) = Metrosideros subg. Carpolepis Dawson. Ballardia 
Montr. is later than Balardia Cambess. (1829, now treated as a synonym of 
Spergularia in the Caryophyllaceae) . The names are not identical and perhaps Ballar- 
dia Montr. need not be regarded as a later homonym, and consequently illegitimate, 
as has been done by Dawson (1976). If it is so regarded then it may be worth 
proposing for conservation. Leaves are commonly in whorls of three. 


14. Metrostderos s. str. Rarely the R, is anthotelic, seen only and very 
occasionally in M. tremulozdes (Heller) Rock, but the structures are otherwise similar 
to those in blastotelic conflorescences (in this case the U/C distinction breaking 
down). Dawson (1970b) reports dichasia rarely with >3 flowers, but we have not 
observed these. Table 3 records the common condition in the taxon rather than these 
exceptions. 


15. Xanthostemon. Monads rarely with plurinodate a, (metaxymonads) . Branch- 
ing in larger U’s often + subopposite or irregular, recaulescence common. Higher- 
order axes often reduced and flowers clustered. A diverse genus, but difficult to divide 
satisfactorily. 


17. Purpureostemon. Dawson (1972a) illustrates a terminal botryoid, but the 
material available to us (at NSW and K) shows conflorescences consisting of dense 
aggregations of lateral monads. The disperse phyllotaxy of the vegetative branches is 
continued into the conflorescences. If terminal botryoids were present, one would 
expect them to show decussate or disjunct-opposite phyllotaxy as in those species of 
Xanthostemon that have many-flowered U’s. 


A.l.iv The Lophostemon suballiance, which is under study by Peter G. Wilson 
and J. IT. Waterhouse, possibly needs division; as treated here, its members exhibit 
some considerable dissimilarities in reproductive and vegetative features, although 
some natural subgroups are evident within it. 


18. Whiteodendron. U/C distinction not fully applicable, see 5.3. Frequently the 
central flowers of the lateral triads of the panicle fail to develop and these lateral triads 
are often accompanied by accessory triads or monads, giving a conformation of 
unusual aspect. Furthermore, there is often asymmetric development and recaul- 
escence, combined at times with concaulescence of the two axes (one of them 
accessory) originating in the same axil. The phyllotaxy becomes more regularly 
opposite in the more distal parts of the flowering region. 


19. Kjellbergiodendron. U/C distinction probably inapplicable (see 5.3) . Branch- 
ing within the inflorescence opposite or disjunct-opposite. Fruit fleshy, indehiscent; 1- 
seeded in contrast to Whiteodendron. 

20. Lindsayomyrtus Hyland & van Steenis (1973). Phyllotaxy within the U 
largely disperse or disjunct-opposite, except at ultimate branchings. 
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21. Gen. nov. “R” (= Xanthostemon pachyspermus F. Muell. & F. M. Bail. = 
Tristania pachysperma (F. Muell & F. M. Bail.) W. D. Francis). The precise 
relationships of this genus are not clear at present. Inflorescence branching very 
irregular, disjunct-opposite. Recaulescence frequent. Pherophylls absent at some 
branchings. Phyllotaxy partly disperse and partly opposite on vegetative regions of a 
single specimen . 


22, 23, 24. Tristaniopsis (= Tristania laurina (Sm.) R. Br. and allies), gen. 
nov. “W” (= T. longivaluts F. Muell.), Lophostemon (= Tristania conferta R. Br. 
and allies). These have generally been included in Trzstanza s. lat., but are not closely 
allied to the type species (T. nerizfolia), which is here regarded as constituting a 
monotypic genus of the Metros¢deros suballiance. The New Caledonian species treated 
by Dawson (1977) are included in Tristanzopsis. Abortion of central flowers at some 
of the lower nodes is common in large dichasia of Tristanzopszs. 


25. Syncarpza. All axes of the 7-flowered dichasia are condensed except for the 
proximal internode of the aj, resulting in a globose head of partially-fused flowers. 
Prophylls are developed only on the a,’s and the a,’s. Has some features in common 
with Lophostemon, but stamens not fascicled. Choricarpia (28) is not closely related, 
though it has been included in Syncarpza in the past. 


26. Heteropyxis. Higher-order axes often reduced and flowers clustered. Bran- 
ching often irregular or + disjunct-opposite; pherophylls not discernible at some bran- 
chings. Panicles frondobracteose and inflorescence limits not clearly defined. See 5.3. 


27. Backhousia. U/C distinction non-applicable in some species (see 5.3). In 
dichasial species the median flowers at lower branchings are often suppressed and the 
higher-order axes (below the anthopodia) are usually very short, providing a near- 
parallel with Eucalyptus-alliance umbellasters. 


28. Choricarpia. U: condensed globose dichasium or probably sometimes a 
condensed panicle. Small U’s sometimes fully dichasial; those with more flowers have 
a, and/or a, plurinodate. All axes except proximal internode of a, are reduced. Often 
>1 accessory U. 


29-30. Eucalyptopszs and Allosyncarpia. An undescribed species from the Ather- 
ton Tableland, north-east Queensland (Hyland 6589) resembles the New Guinean 
Eucalyptopsis papuana C. T. White in some features but the recently described and 
monotypic Allosyncarpia S. T. Blake (1977) of Arnhem Land, northern Australia, in 
others. Since this breaks down the sharpness of the differences given by Blake (1977), 
it tends to confirm our previously formed view that Allosyncarpza might well be 
included in Eucalyptopsis. The three species concerned share a generally similar and 
distinctive trichome type (2.2.3). Like many others in the family, the name Allosyn- 
carpia is misleading, suggesting an affinity with a genus that is in fact not closely 
allied, despite the comparisons made by Blake. U/C distinction + inapplicable (see 
5.3). Higher-order branch-axes not elongated; thus the flowers are in condensed 
dichasial umbellasters usually of 3-7 flowers (or sometimes more), with the perigynia 
of the flowers + fused. From the material available it is not clear whether > 7-flowered 
umbellasters are dichasial or metabotryoidal in structure. Disjunct-opposite branch- 
ing sometimes common towards the base of the inflorescence/conflorescence. In 
Allosyncarpia the leaves usually in whorls of three, but this condition does not carry 
through into the umbellasters, which have the normal opposite arrangement of 
prophylls and branchings, so that the flowers are in triads. 


A.V Eucalyptus alliance. Most of the nine taxa (27-35) within Eucalyptus s. lat. 
that are listed at generic level have previously been recognized at subgeneric level only 
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(Pryor and Johnson, 1971, and in press; Johnson, 1976), although Johnson (1976) 
considered that generic status could well be as appropriate as subgeneric. The current 
study has emphasized the distinctness of these taxa and the similarities of some of them 
to Arillastrum. They are circumscribed here as by Johnson (1976) and by Pryor and 
Johnson (in press). With the exception of Angophora, Eudesmia, Symphyomyrtus, 
and Eucalyptus (here restricted) their names have not been published in generic rank, 
and are here treated as informal designations only. For reasons stated by Pryor and 
Johnson, the subgeneric names were deliberately published outside the framework of 
the International Code of Botanical Nomenclature. 


Umbellasters (condensed dichasia or, less often, condensed metabotryoids) are a 
feature of the whole alliance; an umbellaster frequently represents a whole 
uniflorescence or, less often, a partial uniflorescence or part of a terminal inflor- 
escence (see 5.2). Intranode elongation producing disjunct-opposite phyllotaxy is 
widespread but not universal. Within the umbellasters of Symphyomyrtus (36) and 
Eucalyptus (“Monocalyptus”, 40), the earlier branchings are dichasial, or at least 
opposite-decussate, but higher-order branching (above a3) is sometimes 
pseudomonochasial, probably because of primordial crowding (Carr and Carr, 1959; 
Johnson, 1972, 1976). This may also be the case in some of the few species of 
Eudesmia and “Gaubaea” with >7-flowered umbellasters, but (in some cases at least) 
the structure of such umbellasters appears to be metabotryoidal (or possibly even thyr- 
soidal in Eudesmza series Mznzatae) in structure. Bracts (prophyllar pherophylls) are 
sometimes developed only at the lower branchings within the umbellaster, especially in 
Eucalyptus s. str. In some species, the prophylls of the a, are more or less fused into a 
calyptriform structure protecting the developing umbellaster. Like earlier authors, 
Johnson (1972, 1976), in his categorization of eucalypt inflorescences, assumed that 
the condensed dichasial unit (which he termed an “umbellaster”) was fundamental. 
He took this as the unit inflorescence, and regarded aggregations of these as 
conflorescences (whether they were anthotelic, anauxotelic, or auxotelic) . He pointed 
out some apparent departures from equivalence of all umbellasters and from dichasial 
form, and also the difference between determinate (anthotelic) and indeterminate 
(blastotelic) systems, but this scheme will not now stand in full. Necessary 
modifications are noted under individual generic groups. In referring to the basic 
inflorescence of Myrtaceae, Johnson (1972) used the incorrect phrase “thyrsoid, with 
dichasial branching”. His meaning would have been correctly expressed as “a deter- 
minate (Trollian) panicle, with opposite-decussate branching”’. 


31. Arillastrum. See Dawson (1970a). The listing by Shaw (1973) of Arzllastrum 
as a synonym of Stereocaryum Burret (138) isin error. Myrtomera B. C. Stone (1962) 
was proposed as a new name for Spermolepis Brongn. & Gris non Rafin., but is 
illegitimate as a superfluous name, since it included the type (S. gummifera Brongn. 
& Gris. = A. gummiferum Panch. ex Baillon) of a name that should have been adop- 
ted (viz. Arillastrum) . Dichasia of 7-3 flowers. 


32. Angophora. U/C distinction not fully applicable (see 5.2), variable 
anthotelic, anauxotelic, or auxotelic development of major frondose axes. Terminal 
or lateral thyrsoids of umbellasters, or the umbellasters lateral on blastotelic R,’s; 
when anthotelic the R, sometimes with a single terminal flower flanked by two 
umbellasters. When blastotelic, C is thyrsiform. Johnson (1972, 1976) observed only 
the anauxotelic blastotelic cases, and his corymbioid (“C,_,’’) conflorescence subtypes 
therefore represent only part of the flexible range in the Angophora suballiance. 


33. “Blakella”. In some species the whole thyrsoid or metabotryoid condensed 
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and + umbelliform. R, frondose or a bracteose brachyblast. The summary by Johnson 
(1972) requires correction: some species then thought to have thyrsiform 
conflorescences (Johnson’s C,, C; subtypes) in fact have anthotelic metabotryoids or 
thyrsoids. On the other hand, true anauxotelic conflorescences of condensed form, 
more or less corresponding to Johnson’s C, subtype, do occur in such “Blakella” species 
as “Eucalyptus” grandifolia R. Br. ex Benth. 


34. “Corymbia”.The above note for Angophora (32) also applies here, but the 
blastotelic condition is more common (constant in some species) . 


35. Eudesmia. Blastotelic with defined U’s in most species but U/C distinction 
not applicable in “Eucalyptus” gamophylla F. Muell. Main (primary) axis of SGU 
perhaps never anthotelic, and single terminal flowers (as distinct from terminal 
umbellasters) not observed on frondose branches. U’s sometimes with plurinodate a, 
or, if only the peduncular (hypopodial) internode is elongated (i.e. apparent 
umbellasters) , then with branching patterns of condensed metabotryoid form. In 
many cases U’s reduced to 7-flowered or 3-flowered umbellastral condition, but it is 
uncertain whether a truly dichasial pattern exists in any umbellasters with >7 flowers 
(e.g. in the very condensed branching of the many-flowered U’s of “Eucalyptus” 
phoenicea F. Muell.) . Johnson (1972) remarked on the “odd conditions” in Eudesmza 
and the need for further investigation. The position is now somewhat clearer, but 
more developmental study is needed. 


36. Symphyomyrtus. U/C distinction applicable in all except one species. U = 
lateral umbellaster (condensed dichasium — or sometimes metabotryoid). The 
metabotryoidal condition is found in some apparently quite advanced species, e.g. 
“Eucalyptus” cructs Maiden. “E.” michaeliana Blakely has thyrsoids with the terminal 
and two lateral dichasia condensed into separate umbellasters (‘‘S;” subtype of John- 
son, 1972). Sometimes with intranodal elongation within umbellaster in section 
Adnatarza. Accessories in certain sections only, e.g. part of section Bzsectarza. 


37. “Telocalyptus’. Major axis of SGU anthotelic. The regularly anthotelic 
panicle (but with final branchings umbellastral) of this tropical group was first 
pointed out by Johnson (1972) and led to his (informal) naming of “Telocalyptus” 
(Johnson, 1976). 


38. “Gaubaea”. It is possible that the many-flowered umbellasters of “Eucalyp- 
tus” tenuipes (Maiden & Blakely) Blakely & C. T. White are essentially thyrsoidal in 
structure, but dichasial umbellasters occur in “E”. curtzszz Blakely & C. T. White. 
Large branching auxotelic or anauxotelic (Johnson’s “C,” subtype) conflorescences of 
the latter species parallel those of blastotelic cases in the Angophora suballiance, but 
there are no anthotelic equivalents. 


39. “Idiogenes”. U/C distinction not applicable? U: thyrsoid with higher-order 
axes condensed to form 7-flowered dichasial umbellasters. U’s lateral to frondose 
shoots, but the apparent thyrsoids are sometimes branched and it is uncertain whether 
the lower-order axes of the apparent thyrsoids are then anthotelic or blastotelic. John- 
son (1972, 1976) recognized the anthotelic nature of the thyrsoids, but termed them 
“T, conflorescences”, because of his concept of the umbellaster as the unit inflor- 
escence (see note above under “Eucalyptus alliance’). 


40. Eucalyptus s. str. (“Monocalyptus”). Accessories in a few species only, e.g. 
part of series Obliquae. The umbellastral U’s, in which all except the peripheral 
pherophylls (bracts) are suppressed, appear to be dichasial so far as analysed (Carr 
and Carr, 1959; Johnson, 1972, 1976), often with reduction to pseudomonochasial 
branching at a, and beyond; but the thyrsoidal uniflorescences in “Jdzogenes”, and 


J 
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perhaps “Gaubaea”, suggest that the dichasium in Eucalyptus s. str. may be derived by 
shortening of a thyrsoid. Perhaps some trace of a plurinodate a, may yet be found. 


41. Leptospermum. See 7.5. Preliminary consideration of the probable cladistic 
relationships of the sections with respect to allied genera suggests that they may be 
worthy of generic rank. Unspecialized C’s occur in section Fabricia, part of section 
Leptospermum, and also in L. ftrmum, which apparently warrants equal status with 
the other sections. C’’s (with highly reduced C’s) are well developed only in part of 
section Leptospermum. Section Pericalymma has well-developed C’s but no C?’s. 

Although highly condensed and with some bracts + displaced by growth 
pressures, the most developed U’s, as to numbers of nodes, are the 3-flowered U’s with 
an extra node (proximal or distal) on the a, or a) seen in L. sp. aff. brachyandrum 
(section Leptospermum). Triads without extra bracts also occur in that species, and 
rarely in L. mjoebergzi of section Fabricia. 

C: racemiform or spiciform or reduced from these; unspecialized with U’s at 
several successive nodes of unmodified frondose R,, or of few monads crowded on a 
frondose or bracteose brachyblast, or reduced to one monad on a very short R,. 
Variable as to auxotely of R,, even within individuals in some species. C? (where 
developed) : + racemiform or spiciform, with C’s at several successive nodes. Ry fron- 
dose or with leaves reduced and/or caducous in flowering region. C? of spp. with 
single-monad C’s may superficially greatly resemble simple spiciform C of a species 
such as L. fermum. 


42-44. Agonis, Kunzea, Sinoga. Probably offshoots of the same line as 
Leptospermum sect. Leptospermum, but specialized in other directions. 


A.VI.1i.a Melaleuca infra-alliance. See 7.3. C: spiciform or reduced to small 
dense clusters of flowers (monads) or to single monads (Lamarchea, and in a very few 
Melaleuca spp.) . C? spiciform in a few species of Melaleuca that have bracteose R,’s so 
short that the flowers appear sessile on the Ry. 


46. aff. Callistemon (New Caledonia). Dawson (1978) illustrates triads in one 
species but our material of all four species shows only monads; the group appears to be 
an offshoot from Melaleuca, distinct from the Australian Callistemon. 


49. Lamarchea. Apical bud of R, usually not discernible but the numerous 
empty bracts (hypsophylls) suggest extreme reduction and that the very short lateral 
axis bearing the flower is actually an R, rather than an a,; thus each flower represents 
a whole C. 


A.V.ii.b Calothamnus infra-alliance. See 7.3. Differs from Melaleuca infra- 
alliance in the basifixed and more specialized anthers. C: spiciform; + secund in 
Calothamnus due to U’s developing only in axils on one side of R, and to leaves being 
commonly + reduced on floriferous side of flowering region. 


54. Eremaea. Monad U’s in axils of foliage leaves or of perular pherophylls. 
Flowers sometimes appearing terminal on frondose shoots because the R, is often 
distorted around the base of the flower; the lateral position is usually more evident in 
fruit. Several U’s sometimes occur at nearby nodes in a very loose C. Prophylls (“brac- 
teoles”) absent so far as seen, perhaps caducous very early. 


55. Baeckea. The sections of Baeckea, and the allied genera, require recon- 
sideration to determine the most appropriate generic disposition. U: usually 7- 
flowered (dichasia), 3-flowered, or 1-flowered, but rarely botryoids (B. sp. aff. 
camphorata R. Br.) indicating non-cymose ancestry. Higher-order axes of dichasia 
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are sometimes not elongated. The six sections (Bentham, 1867) show several different 
reduction series affecting the number of flowers and the elongation of peduncle 
and/or anthopodium. 


57. Scholtzia. Recaulescence common within the U’s, recalling more primitive 
Leptospermoid genera. 


59. Hypocalymma. See 7.4. C: mostly consisting of one or two pairs of U’s on a 
bracteose short shoot, which is so condensed that the pairs of U’s appear subsessile in 
leaf-axils of (frondose) R,. C’: present in most species, spiciform but frondose. 


A.VII.ii Chamelauctum suballiance. See 7.2. The distinctions between 
Chamelaucitum, Darwinia, Homoranthus, Rylstonea, and Vertzcordza are unclear and 
require further study. Homoranthus and Rylstonea are both tentatively recognized 
here; at this stage there is perhaps no more evident reason to unite them under 
Homoranthus than to sink them under Verticordia or Darwinia, or to make other 
generic rearrangements in the complex. Lhotzkya is included within Calytrix in 
agreement with Court (1957). The original and apparently deliberate spelling 
“Chamelauctum” stands under the International Code of Botanical Nomenclature. It 
is fairly certainly derived from camelaucum, the mediaeval name of an ecclesiastical 
cap, in the derivation of which the Greek prefix chamae- plays no part. Consequently, 
the frequently seen “Chamaelauctum” should not be used. 

C: racemiform, corymbiform, spiciform, or capituliform (the last in Actinodzum 
with sterile “ray” U’s) . Some Darwznza spp. with large coloured leaves surrounding the 
C. Peduncles usually present, but often very short. 


73-76. Myrcza, Marlierea, Calyptranthes, Gomidesza. In view of the considerable 
number of species with intermediate characters (McVaugh*, 1968), there seems no 
more reason (if as much) to recognize Myrcza and Marlierea as distinct from Calyp- 
tranthes than to segregate some of the distinctive species-groups currently included, 
for example, in Syzygzwm. Gomidesza seems to differ from Myrcza chiefly in an anther 
character that also tends to break down. The higher-order axes in all four genera are 
sometimes not elongated, the flowers then being in small dense clusters. Abortion of 
buds sometimes produces situations that are difficult to interpret and may perhaps 
involve anthotelic/blastotelic flexibility. (See 5.3.) In addition there are clear cases of 
flexibility in Myrcza. In Marlierea we have observed accessory branches only in M. 
ferruginea (Poir.) McVaugh, the sole species of Krugza, which was maintained by 
Kausel (1957b) , but not by McVaugh (see also 9.1). 


77. Mitranthes s. str. Here interpreted in the sense of McVaugh (1968: 381-2, 
411). Our observations are taken from the lectotype species M. ottonzs Berg. 


78. Nothomyrcia. U/C distinction sometimes inapplicable. (See 5.3) ; monads 
occur in blastotelic cases, and are similar in position to the lateral flowers of botryoids 
in anthotelic cases. 


79. Myrceugenia. Some massing of U’s but this is by the presence of accessory U’s, 
not by the formation of C’s in the normal way. In M. chrysocarpa (Berg) Kausel, 
accessory flowering brachyblasts (extremely short) may persist on old wood, and may 
produce flowers (one or more monads) at a late stage when the primary lateral shoot 
arising at the same node is well developed and quite woody. 


B.I. Myrtus alliance. Suballiances are not recognized here because of our 
present uncertainty as to the relationships of the many Old World genera. Temu (80) 


*References in this section to McVaugh are to this paper unless otherwise specified. 
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was grouped by McVaugh with Campomanesia, Paivaea, and Blepharocalyx 
(112-114), which are here removed to the Cryptorhzza alliance, and with which 
Temu does not agree in its embryo characters. Pseudocaryophyllus (81) and Pimenta 
(82) constitute a group in McVaugh’s treatment but, as he says, are presumably not 
very closely related. Myrrhintum (83), Acca (84), and Fezjoa (85) follow in our 
listing, but McVaugh regarded them as of uncertain position among the “pimentoid 
genera’ (equivalent to our Myrtus and Cryptorhiza alliances). Genera 86-94 
constitute McVaugh’s group “Pszdzwm and related genera” (Moszera and Corynemyr- 
tus being included by him in the synonymy of Myrtus), except that Marlzertopszs 
(109) is here removed to the Cryptorhzza alliance. Since we have as yet been unable to 
determine the affinities of various Western Pacific genera (96-108) sufficiently to 
refer them either to particular American subgroups or to distinguish groupings 
amongst themselves, they are here all listed after the American taxa and Myrtus s. str. 
(95) . It does not follow that they necessarily constitute a coherent group separate from 
those recognized by McVaugh in the New World. Recognition of segregate genera 
may have been a little excessive in this alliance and a comprehensive review is 
desirable. 


80. Temu. The name Temu Berg would be illegitimate if regarded as an 
orthographic variant, and therefore a later homonym, of Temus Molina, but we 
doubt the necessity of this interpretation of the Code. Though regarded by McVaugh 
as perhaps doubtfully distinct from Blepharocalyx (110), Temu is reported to have a 
“pimentoid” embryo (i.e. the common type in the Myrtus alliance), unlike 
Blepharocalyx. 


81. Pseudocaryophyllus. The occurrence in one species (P. crenatus Legrand) of 
terminal inflorescences (see 5.3) is apparently unique in the American members of 
the Myrtus alliance, but compare the Old World Descaspermum (96). 


83. Myrrhinium. Dichasia (00-3 fls), or panicles and metabotryoids (a, with 2-3 
nodes). Often ramiflorous with U’s crowded on bracteose brachyblasts. An isolated 
genus. 


- 85. Fezjoa. Included by McVaugh in Acca, with some degree of reservation. 
Flowering region bracteose or with reduced but herbaceous leaves (frondulose) . 


86. Calycolpus. Monads usually on bracteose brachyblasts, but occasionally also 
in leaf axils. Anthopodia short when present. 


87. Mosera. This name is tentatively used here for most of the American species 
that have generally been referred to Myrtus (95) by recent authors. McVaugh did not 
formally recognize Moszera, but he gave evidence that it has no particularly close 
affinity with the Mediterranean Myrtus communis L. and its vicariant M. nivelli 
Battand. & Trab. of the Saharan mountains, to which two species Myrtus is here 
restricted. 


88. Psidium. Episyzygium Suessenguth & Ludwig (in Suessenguth, 1950), from 
Hawaii, seems to have no connection with Syzygzum and to correspond in placentation 
and other features with species of Pszd?zum. Supra-axillary monads (an example of 
concaulescence), mentioned in the protologue as unique in the family, are in fact 
found at times in Pstdzum. Species of that genus are naturalized in various islands of 
the Pacific. Kausel (1957b), also presumably from the description, tentatively 
referred Epzsyzygzum to his “Myrtoideae” (= Myrtus alliance) . 


89. Ps¢diopsis. Monotypic genus tentatively recognized. Included by McVaugh in 
Psidium (88), but it seems to stand well apart from any species of that genus in its 
markedly appendaged calyx-lobes and is reported by Niedenzu (1898) to differ also in 
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its basifixed anthers. Transferred to Calycolpus (86) by Burret (1941b) without 
discussion, but it seems equally out of place there. 


90. Corynemyrtus. Provisionally treated as a synonym of Myrtus by McVaugh, 
but it seems no closer to M. communis than do other groups of this general affinity. 
Information from Kiaerskou (1893). Anthopodia when present very short. Possibly 
not distinct from Pszdzwm (88) (see addendum) . 


91. Amomyrtella. The only specimen seen under this name (Venturz 9595 at K) 
does not agree with Kausel’s description and figure, and is presumably misidentified. 
It has frondose shoots with axillary triads, rather than the short racemiform C’s 
described by Kausel (1956). 


95. Myrtus s. str. See note 87. 


96. Decaspermum. Some species with well-defined paniculate U’s or reduced 
types (metabotryoids to monads), others with flexible development of axes (see 5.1) 
including anthotelic frondose branches (but not anthotelic primary axes of SGU). 


98. Archirhodomyrtus. Dr A. J. Scott (pers. comm.) proposes to transfer the 
eastern Australian Rhodomyrtus beckleri (F. Muell.) L. S. Smith to Archzrhodomyr- 
tus, previously thought to be endemic in New Caledonia. We agree with this 
disposition. 


99. Rhodomyrtus. Recaulescence occasional. R, sometimes a_ bracteose 
brachyblast. Metaxyphylls present in branched U’s but absent in monads. The 
inclusion of Pszdiomyrtus is in agreement with Burret (1941a). Bentham (1869) 
suggested that Macropsidium might be referable to Rhodomyrtus, on the basis that 
the 4-locular ovary with uniseriate ovules (as described by Blume, 1850) “may be in 
fact a 2-celled ovary divided by longitudinal spurious dissepiments’. It is very 
tentatively included here in the absence of observation or further information; the 
flowers are described as sessile, axillary, and fascicled. 


100. Octamyrtus. Very close to Rhodomyrtus, seemingly with floral 
specialization to ornithophily. Sometimes with extra pair(s) of bracts on a,. 


101. Rhodamnza. Metaxyphylls as in Rhodomyrtus (99). 


109. Marliertopsis. Unplaced by McVaugh, and its position here is tentative; we 
have not been able to check the embryo type. Flowering SGU’s are thyrsoids or 
metabotryoids without any proximal frondose portion. (See 5.3). 


110. Blepharocalyx. 7-flowered dichasia and 7-flowered botryoids occur in 
supposedly conspecific material of B. salicifolius (Kunth) Berg. 


111. Campomanesia. It appears that Britoa is most reasonably included here 
(see, e.g., Rotman, 1976). Acrandra, apparently differing only in the appendaged 
anthers, is also tentatively included (see McVaugh). All species that we examined 
have monads, but Acrandra is reported to have triads (Niedenzu, 1898), and Mattos 


(1967) reports inflorescences of up to seven flowers in Campomanesia subgenus 
Britoa. 


112. Pazvaea is provisionally included in this alliance because of its similarity to 
Campomanesia (111), although it was not listed by Kausel in his Cryptorhizoideae. 
Fruits have neither been seen by us nor described in the literature. Pazvaea may be no 


more nor less distinct than other taxa currently treated as subgenera of © 


Campomanesia. 


113. Legrandza. Affinity somewhat dubious; placed by McVaugh in the vicinity 
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of the “eugenioid genera”, but regarded by Kausel (1956) as a member of his Crypto- 
rhizoideae on the basis of embryo structure. 


114. Cryptorhiza. Although Kausel (1956) lays great stress on the embryo 
character of this genus (see 2.2.1), McVaugh appears to suggest that it may belong 
with Myrcianthes (126); unless the embryo was misdescribed, this is difficult to 
accept. We have seen only monads, but triads are reported by Urban (fide 
McVaugh). 


116. Osbornza. Apparent “triads” at least sometimes bear 2 pairs of minute extra 
bracts on the a; (above the node bearing the side flowers of the metaxytriad). Triads 
(or metaxytriads) and monads may both occupy either terminal or lateral positions on 
frondose branches. 


B.V Acmena alliance. This Old World and Pacific alliance is distinguished 
largely on the basis of the predominantly terminal inflorescence, the consistent absen- 
ce of “standard” Myrtaceous hairs, the evident affinities among the genera in wood 
anatomy (Ingle and Dadswell, 1953), and characteristic floral anatomy (Schmid, 
1972a, b, c). As in the Eugenza alliance, thick but separate cotyledons appear to be 
the basic condition but a distinctive modification (of single or multiple origin?) is 
found in the Acmena suballiance (Merrill and Perry, 1938; Henderson, 1949; Kausel 
1957; Hartley and Craven, 1977; J. T. Waterhouse, personal communication; and 
our own observations) . Although the cotyledons are described as completely fused in 
some taxa, the degree of fusion varies in the Acmena suballiance and in some genera 
the cotyledons are largely or completely free — although closely interlocked. 


117. Syzygeum. (See 5.3.). Inflorescences in Syzygzwm are terminal on major 
frondose shoots of SGU’s or on very short brachyblasts arising from old wood 
(ramiflorous or cauliflorous), or (rarely) are lateral uniflorescences on a blastotelic 
R, (e.g. S. coolminianum). When ramiflorous, the SGU’s proceed directly to 
flowering without a proximal frondose region. Some species have (a) frequent 
suppression of median flowers, (b) higher-order axes not elongated and flowers 
clustered, or (c) extra empty hypsophylls on the a, or a, (mostly in the more reduced 
inflorescences) . 

Syzygium here includes the small groups Pareugenza, Aphanomyrtus (in 
agreement respectively with Perry, 1950, and Perry fede Schmid, 1972c), and 
Tetraeugenza (see below), as well as Jambosa and Caryophyllus; it is in need of 
thorough review as a whole. Schmid (1972c), on the basis of a comparative study of 
floral anatomy, takes a somewhat broader view, including Clezstocalyx (115) and 
Acicalyptus (116), which are tentatively maintained here but are certainly very close 
to Syzygzum. 

Some species-groups within Syzygzwm may perhaps be as distinct as some of the 
three genera which follow it. 

We have seen no material of “Eugenza” flosculifera Henderson, which is included 
by Henderson (1949) in “section Syzygzwm”, but with the remark that “it should 
perhaps be placed in a new section of the genus’. He gives a description of its distinc- 
tive embryo type with completely fused cotyledons, forming “a hollow ball when fully 
ripe”, and of its unusually few stamens. It apparently has both terminal and axillary 
panicles. 

Henderson’s sections of Eugenza s. latiss. tend to be equivalent to groups treated 
as genera here and by Merrill and Perry. Henderson (1949) says of his section 
Fissicalyx, comprising two Malayan species, that “these plants might be better placed 
in a new genus’. This view is based on the insertion of the stamens on the inner surface 
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of the perigynium, which extends above the disc. The cotyledons appear to be as in 
Syzygeum. The flowers are described as sessile, solitary, and terminal, or occasionally 
in pairs at the ends of the branches. 

The small group of Malesian spp. sometimes distinguished as Aphanomyrtus 
(incl. Pseudoeugenza; see Merrill, 1937) is unusual in Syzygzwm in its few stamens. It 
is doubtless significant, as Schmid suggests, that the monocyclic vascularization that 
he reports is associated with small flower-size. In facies and inflorescence these species 
fall within the general range of Syzygzum. The monotypic Tetraeugenza (no material 
seen) was maintained with some lack of conviction by Merrill (1950), and also has 
small flowers with monocyclic vasculature (Schmid, 1972c) ; it would presumably also 
fall within Syzygzwm as treated here. 

Some Syzygzum species of the New Hebrides, New Guinea, and Fiji have very 
large flowers and leaves, and in those respects tend to resemble Cupheanthus (120). 
In these species the monads, or occasionally triads, are often borne ramiflorously, 
constituting SGU’s. 

Although most Syzygzum species are glabrous, several New Guinea species possess 
a dense indumentum of multicellular “non-standard” hairs (2.2.2). 

The leaves of Syzygzum alternifolium (Wight) Walp., as illustrated by Wight 
(1840-3) , but of which we have not seen specimens, appear to be disjunct-opposite or 
possibly spiral in phyllotaxy. 


118. Clezstocalyx. Here excluding Aczcalyptus (119). Often ramiflorous, as in 
Syzygium. 


119. Acicalyptus. Commonly included in Clezstocalyx (Merrill and Perry, 1939), 
but appears to be a separate development from the Syzygzwm complex. Differences in 
leaf venation and in flowers give the two genera a different aspect, and there seems 
little practical difficulty in separating them. Differences in floral anatomy are re- 
ported by Schmid (1972b) ; he regards Clezstocalyx and Acicalyptus as probably best 
treated as sections of Syzygzwm but in any case not appropriately grouped together in a 
single segregate genus, a view apparently supported by Perry in 1970 (Schmid, 
1972b). 


120. Cupheanthus. Some inflorescence information from Seemann (1865: 76). 
Phyllotaxy opposite or ternate. Remarkably large-flowered and large-leaved. 
Relationships need clarification; we have seen only fragmentary material. 


121. Acmenosperma. The single species is highly variable. Often included in 
Syzygzum, but it has a very distinctive embryo (Kausel, 1957; Henderson, 1949: 8). 


123. Gen. nov. (= Syzygzum floribundum F. Muell.). Mr J. T. Waterhouse has 
drawn our attention to distinctive features of this species, which we regard as 
generically separate. In common with other members of the Acmena suballiance, it 
has a funicular mass ramifying through the cotyledons and has cryptocotylar 
germination. It resembles Acmena spp. in having all the ovules attached near the 
top of the ovary, but is similar to Acmenosperma and Piliocalyx in its less specialized 
anthers. The placentation is axile in all four genera, but there is much distortion of 
position during the development of the single seed. The funiculus appears to enter the 
seed of “S. florzbundum” near the base of the fruit; the point of entry is apical in 
Acmenosperma, Acmena, and Piliocalyx (Kausel, 1957b). The panicles are fron- 
dobracteose, and the limits of the inflorescence are unclear. 

Acmenosperma and gen. nov. (123) may seem to combine the characters of 
Syzygzum and Acmena, since they lack the specialized divergent anther-loculi of 
Acmena but possess embryos with specializations broadly of the Acmena type. To us, 
especially in view of the differences in embryological detail noted above, and the 
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importance of embryo characters generally in the family, this is no justification for 
uniting these four genera. Such lumping would obscure differences and lead logically 
to treating as one clumsy genus the whole of a large assemblage that is of equivalent 
status to other multigeneric alliances (in effect, tribes) in the family. Rather, it would 
be worth while to study Syzygzum itself, with cladistic principles critically in mind, in 
order to elucidate the relationships within it and with allied genera. This could well 
result in some dismemberment of the diverse and unwieldy Syzygium. 


124. Acmena. See under 123. Including Xenodendron; see Merrill and Perry 
(1938). 


B.VI Eugenza alliance. Includes members with + fused cotyledons (“eugenioid” 
embryo-type) and others with free bean-like cotyledons (“plinioid’” embryo-type). 
These are referred to separate groups by Kausel and by Melchior (1964) (2.2.1), but, 
like McVaugh, we are impressed by strong cross-resemblances in other characters and 
retain these predominantly American genera in a single group. However, we cannot 
agree with McVaugh’s comment (1968: 366) that the plinioid “condition may have 
developed secondarily from some eugenioid type” or that “the pseudomonocoty- 
ledonous embryo. . . represents a very old specialization” on the ground given that “it 
is found in both Old and New Worlds”. Rather, undifferentiated or fused-cotyledon 
embryo-types would appear to be the more specialized, and may have arisen in several 
lines within the Eugenza alliance, as well as almost certainly separately in the Acmena 
alliance (in so far as the cotyledons are truly fused and not merely interlocked in the 
Acmena suballiance, q.v.). 

We have taken a wide range of recorded and observed features into account and, 
though no linear arrangement can be satisfactory, have attempted to place genera’ 
near their apparent relatives. Plinioid embryos are found in 125 (but cotyledons 
thin), 126, 128-130, 132-137, and in some Old World spp. of 140. Eugenioid 
embryos (some with incomplete fusion of cots.) occur in 127, 131, 138-140, 142? and 
143-144. Dubious cases and others requiring comment are mentioned under the 
individual genera. The only reported case of phanerocotylar germination in the 
alliance is in Luma (125), which has planoconvex but thin cotyledons. 


125. Luma. We agree with McVaugh that this does not fit in the Myrcza alliance, 
where it was placed by Kausel (1957b) . Nevertheless, as McVaugh says, it stands apart 
from other genera in the Eugenza alliance, though showing some features in common 
with Myrczanthes (126). We have not observed botryoids and do not know whether 
the occasional “short axillary bracteate racemes” reported by McVaugh are U’s or C’s. 


127. Pseudomyrcianthes. Synonymized under Myrczanthes (126) by McVaugh, 
but placed amongst eugenioid genera by Kausel (1956), although with indication that 
the cotyledon fusion is not complete. Here placed near Myrczanthes on the basis of 
their resemblance in almost all features (but see addendum). 


128. Acreugenza. Information from Kausel (1956). Included in Myrczanthes 
(126) by McVaugh. Material seen at K under the name of the type species, A. 
pungens (Berg) Kausel, differs greatly in inflorescence and “bracteoles” from Kausel’s 
description and figure; it is presumably misidentified although it has sharply pungent 
leaf-tips, as described for Acreugenza, a very unusual feature in the Myrtoideae. 


131. Myrczaria. Despite its eugenioid embryo, this genus agrees in most charac- 
ters with Paramyrczarta (132), which in turn shows resemblance to “Plinzopsis” (133) 
and to Siphoneugena (134). R, is sometimes a bracteose brachyblast. So far as seen, 
metaxyphylls are present except in the case of monads. This accords with the regular 
occurrence of connate “bracteoles’”, since the ultimate hypsophyll pair on each axis 
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(being closely connate) leaves no room for the emergence of axillary axes, whereas the 
non-connate hypsophylls at lower nodes normally subtend lateral axes. Thus on a 
uninodate axis (as of a monad or the lateral axes of a triad or a botryoid) the 
prophylls are themselves “bracteoles’”, whilst on a plurinodate axis the non- 
pherophyllar “bracteoles” are metaxyphylls by definition. For descriptive purposes, 
the designation “bracteoles” is in this instance more convenient than the “prophyll- 
metaxyphyll” terminology used for wider comparisons. The case illustrates how the 
fixing of a presumably adaptive stereotyped condition in one portion of a 
morphological system (in this case the ultimate bracts) can affect the developmental 
possibilities of other portions (axillary shoots) . 


132. Paramyrczarta. A monotypic genus possibly closely related to Myrczaria 
(131), but separated by Kausel (1967) on the basis of its distinct cotyledons. 
Metaxyphylls present both in single-flowered U’s (metaxymonads) and below median 
flowers of 3-flowered U’s (metaxytriads), corresponding with the occurrence of 
connate “bracteoles” as in Myrczarza. Kausel (1967: 340) stated that Paramyrczaria 
has 2-flowered racemes with the terminal bud inactive; it would appear that he had 
observed damaged or incompletely developed U’s. 


133. “Plintopsis”. = Plinta subgen. Pliniopsts Kausel = the greater part of 
Myrciaria sect. Cauliflorae Berg. Transferred provisionally (“vorlaufig”) by Kausel 
(1956) to Plznza because of its wholly free cotyledons (cf. undifferentiated embryo of 
Myrciaria). It differs, however, from Plinza s. str. (137) in inflorescence and in the 
absence of a well-defined radicle in the embryo, and seems out of place in that genus 
as well as in Myrczarza (131) ; see also McVaugh (1968: 388). U’s commonly with one 
or more proximal pairs of empty bracts (often perules) on the a,, or several U’s arising 
from a very short brachyblast. 


134. Stphoneugena. Including Myrczariopsis, see Kausel (1967). Also see above 
under 131. Metaxyphylls present in branched U’s but absent in monads. Note the 
spelling; “Szphoneugenza” is a common error. 


135. Gen. aff. Siphoneugena, = “Mitranthes” sensu Legrand non Berg, see 
McVaugh (1968: 391). Possibly not distinct from Szphoneugena. Metaxyphylls as in 
134. 


136. Palothectum. McVaugh expresses some doubt about the recognition of this 
as an independent genus, but gives no indication of where it might be included. We 
have examined only the lectotype species. The recording of dichasia, metabotryoids, 
triads, and monads is from Kausel (1962) ; we observed only thyrsoids. The inflores- 
cences do not support the sinking of the genus in Eugenza by Legrand (1975) (see 
addendum). There is some flexibility in the development of the laterals (see 5.3). 
Primary axes of the SGU are blastotelic in the limited material seen. 


137. Plinza s. str., excluding “Plinzopses” (133). See McVaugh for the many 
complexities in typifying and delimiting this genus. Plinza and Calycorectes (138) 
greatly resemble each other despite differences in embryo type and ovule number. A 
careful comparative study of other reproductive and vegetative characters in this and 
other members of the alliance may indicate whether there has been parallel or 
convergent evolution of embryo types or of other features. Often ramiflorous; C’s very 
short, few-flowered, spiciform or racemiform, possibly sometimes aggregated into 
C*’s. The well-developed paniculate U’s of P. ekmanzana Urb. are unusual and are not 
included in Table 3, since the generic position of this and other West Indian species 
needs reconsideration. 


138. Calycorectes. See note 137. Short (5-flowered) botryoids are reported in C. 
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sellowianus Berg (Martius, 1857, pl. 34). C. pohlanus (Berg) Kiaersk., illustrated in 
Martius (1857, pl. 35, as “Schizocalyx pohlianus a panicularis”) and represented at K 
by Glaziou 9435, is a species of Syzygium (S. ambos?) , presumably cultivated. 


139. Hexachlamys. Accepted with some doubt by McVaugh, and certainly close 
to Eugenza (140) ; but, as pointed out by Legrand (1950, 1961) and Kausel (1967), it 
differs in the hardened endocarp (true or perigynial?), as well as in the characters 
mentioned by McVaugh. 


140. Eugenza. Stenocalyx is here included in Eugenza, as by McVaugh (1968) 
and Schmid (1972c) ; so is Josstnza (as extended by Merrill, 1950, consisting of the 
Old World species) , an inclusion also advocated by Schmid. Some Old World species 
included in Jossenza have separate cotyledons (e.g. E. oraria Guill., E. indica Wight) , 
whereas in others the cotyledons are completely or partially fused. Presumably the 
sometimes separate cotyledons led Kausel (1957b) to recognize Jossznza and assign it to 
his Plinioideae. 

Myrtopsis O. Hoffm. (non Myrtopsis Engl., nom. conserv., Rutaceae) — type 
species Eugenia malangensis (Hoffm.) Engl. — and Chloromyrtus are included 
following Amshoff (1958), although E. klazneana (Pierre) Engl. (Chloromyrtus 
klaineana) is reported to be entirely glabrous, not the usual condition in Eugenza. 
Several African Eugenza spp. have evolved an unusual habit, with + herbaceous stems 
arising from a woody subterranean stock; this habit is found in members of various 
families growing on the Kalahari sands (White, 1977), and is also facultative in one 
subspecies of Syzygzum guineense (Willd.) DC. 

C’: considerable development in some species; i.e. aggregations of racemiform 
C’s, each R, being a bracteose short shoot. Sometimes ramiflorous or cauliflorous (see 
7.1). Some specimens referred to Eugenza have inflorescences (panicles, botryoids, or 
dichasia) discordant with those of the great majority of species; these may be misiden- 
tified material or may represent species which should be segregated or transferred 
elsewhere ; they are not covered in the tabulation. 


141. Meteoromyrtus. Only the rather fragmentary original collection has been 
seen. In the absence of fruits, the affinity of this little-known and apparently 
monotypic Indian genus is uncertain, but its aspect is reminiscent of Eugenza (140), 
from which it appears to differ only in the pendulous ovules attached near the top of 
the placenta (whence the generic name). There is no evident reason to refer it to the 
Myrtus alliance, as was tentatively done by Kausel (1957b). 


142. Stereocaryum. “Schizocalyx” sensu Brongn. & Gris non auct. = 
“Calycorectes” sensu Guillaumin non Berg. New Caledonian, in contrast to the South 
and Central American Calycorectes. The thick, hard endocarp (true or perigynial?) is 
unusual in the family, but cf. Hexachlamys (139). 


143-144. Calyptrogenia and Hottea. Affinity doubtful; moreover, McVaugh 
considers that Calyptrogenza may not be distinct from Hottea. Here tentatively placed 
in the Eugenza alliance on the basis of the apparently + connate cotyledons. R, in 
Hottea is a very short bracteose shoot bearing a single monad in the few specimens 
examined; the R, is frondose. The non-Haitian material examined under the name 
Calyptrogenia is diverse and its identity is doubtful; the tabulation covers only the 
type species, C. ekmanw (Urb.) Burret from Haiti, which shows only monads. 


9. FLOWERS, FRUITS AND INFLORESCENCES — FUNCTIONAL ASPECTS 


9.1 Modzfications of floral structure 
The floral structure of ancestral Myrtaceae appears to have been pre-adaptive for 
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a number of parallel or convergent modifications, repeated separately in several or 
many evolutionary lines. Notable among these are calyptrate perianth structures and 
modifications of the androecium. 


Calyx-lobes that are wholly or partly fused but that split more or less irregularly at 
anthesis are a feature of Marlierea spp., Calyptranthes spp., Pstdiopsis, Marliertopsis, 
Plinia, Calycorectes, and Hottea. Less often, one enlarged segment of the calyx may 
be calyptriform as in Marlierea sp. (= Krugia) and Calyptranthes spp. In part of 
Syzygium the perianth segments cohere to form a cap, which falls as a whole. Fully- 
developed calyptras have been evolved in seven alliances, and repeatedly within some 
of them; they are usually associated with conspicuous stamens. Examples are 
Pleurocalyptus, Eucalyptopsis (type species), Eucalyptus and most allies, Calyp- 
tranthes spp., Mztranthes, Pstditum spp., Cletstocalyx, Acicalyptus, Piliocalyx, gen. 
aff. S7phoneugena, and Calyptrogenza. 


Most often the calyptra (in Eucalyptus s. lat. usually called an “operculum”) is 
calycine, but the Eucalyptus alliance shows several independent developments (Pryor 
and Johnson, 1971; Johnson, 1972, 1976): (1) sepals free, calyptra corolline (e.g. 
most of Eudesmza sect. Quadraria, “Gaubaea”’; these in different suballiances) ; (2) 
calyptra single and probably calycine in nature, the corolla being absent (Eucalyptus 
s. str.) ; (3) calyptra calycine, petals + free but falling with calyptra (spp. of “Corym- 
bia” sect. Rufarza, J. B. Williams, personal communication) ; (4) calyptra of joint 
calycine and corolline nature from a fused ring-meristem (Eudesmza sect. Apicaria, 
sect. Quadraria (in part)); (5) separate calycine and corolline calyptras, usually 
with the former being shed first but in a few species both falling together (“Blakella”, 
“Corymbia” sect. Ochraria; most of Symphyomyrtus; two separate suballiances 
represented) ; (6) conditions to some extent between (1) and (5) (a few spp. of 


”, 


Symphyomyrtus; “Telocalyptus”; “Idiogenes’”) . 


The petals of genera aff. Mearnsza (“Calyptropetala” and “Inclusts”) are free but 
coherent. and fall as a cap. Fused or coherent “bracteoles” (prophylls) may closely 
simulate floral calyptras, as in Calytrix, Calythropsis, Chamelaucium, Pileanthus, and 
Verticordia. 


Fascicled stamens are common in many alliances of the Leptospermoideae, being 
particularly obvious in Whzteodendron, Tristaniopsis, genus “R” (21), Lophostemon, 
genus “W” (23), Melaleuca, Conothamnus, Lamarchea, Calothamnus, Beaufortza, 
Phymatocarpus, and Regelza, but rather less so in Bastsperma, genus aff. Tristanza 
(5), Tristania s. str., Kjellbergiodendron, Lindsayomyrtus, Eudesmia spp., and 
Eremaea. Mayr (1969) observes that in Myrtus s. str. and Syzygium (“Eugenia 
myrtifolia”), as well as in the fasciculate-stamened Melaleuca, the early stages of 
floral development show five (or four), initially epipetalous, primordial protuberan- 
ces upon which the individual staminal primordia later develop in centripetal 
succession, even where this condition is not apparent in mature flowers. This, rather 
than an androecial ring-meristem, is probably the basic condition in the family, and 
some fasciculation of filaments would seem to be a primitive feature, though actual 
staminal phalanges are lacking in developed flowers of Myrtoideae and in many 
Leptospermoideae. 


Pollen release from the anther-loculi is generally by longitudinal, though 
sometimes divergent, dehiscence slits, but is by apical slits or pores in Symphyomyrtus 
sect. Bzsectarza series Foecundae and sect. Adnataria, the Calothamnus infra-alliance 
(in contrast with the Melaleuca infra-alliance), and the Chamelauctum suballiance 
(with oily rather than dry pollen), while in most species of Eucalyptus s. str. the two 
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slits are confluent at the top. Gomidesza, of the Myrcza alliance, is marked by anthers 
with two sets of pollen-sacs, at different levels, that open (apparently) extrorsely and 
introrsely respectively. 


Stamens in non-fasciculate, multiseriate to pauciseriate arrangements are charac- 
teristic of many genera. When relatively few, they may even show an apparently secon- 
dary fasciculate arrangement opposite the sepals, rather than in the general 
antepetalous position; this condition characterizes Astartea. Lower stamen numbers, 
equal to or twice the petal number, occur in Heteropyxzs (with unisexual flowers) , 
Baeckea spp., Syzygium spp. (those species previously referred to Aphanomyrtus and 
Tetraeugenza), and in the Chamelaucium alliance. It seems clear that such numbers 
represent derived conditions. 


Some other prominent variants of external floral structure are as follows: 

Fusion of the perigynia of several flowers into a compact head, which develops 
into a compound fruit (see 6.5). Such conditions have evolved independently in 
Syncarpia, Choricarpia subargentea, Symphyomyrtus lehmannii, and the Eucalyp- 
topsis alliance (to various extents in the three known species, see 8.2). 

Change in number of perianth parts: 5-mery of perianth, as of androecial group- 
primordia, appears primitive but reduction to 4-mery is common, while increase is 
also occasionally found, as in Octamyrtus (to 8-merous) and Hexachlamys (4-7- 
merous). (In Osbornza the apparent 8-mery is false: the calyx and corolla are scarcely 
distinguishable, with their parts simulating a single whorl.) 

Zygomorphy: a very rare condition in Myrtaceae but shown (to varying extents) 
by species of Calothamnus, and perhaps functionally associated with the one-sided 
development of the spiciform conflorescence therein. 

Differences in flower shape: broad, saucer-shaped flowers are common (e.g. in 
Lindsayomyrtus, Lophostemon, Leptospermum, Baeckea, Pileanthus, and many 
Myrtoideae) but prolongation of the perigynium above the ovary may result in tubular 
flowers (e.g. in Calytrix, Darwinia, Cupheanthus, and Siphoneugena). Erect and 
elongated red petals in Octamyrtus produce quasi-tubular flowers apparently adapted 
to bird-pollination. Erect sepals and petals characterize Homalocalyx. In some species 
of Chamelaucium erect petals are combined with an extended perigynium, whereas 
others have broad, shallow flowers. 


Quite often, the fruits of particular Myrtaceous genera are regarded as wholly 
inferior, and less frequently others are described as superior, but in fact no member of 
the Myrtaceae has completely epigynous or hypogynous flowers (in contrast to the 
excluded Pszloxylon, see 2.2.3). Nevertheless, this perigynous family shows wide 
variation in the degree to which the top or sides of the ovary, and subsequently of the 
fruit, are free of the perigynium, as well as in the prolongation or expansion (e.g. in 
Paivaea) of that organ above the ovary or fruit. The fruit may be almost entirely 
enclosed by the perigynium, especially in indehiscent cases such as the Myrtoideae or 
the Chamelauctum suballiance. Capsular fruits dehisce loculicidally above the 
perigynial attachment, but the valves vary from being deeply enclosed (e.g. in 
“Corymbia” species) below the perigynium rim to constituting almost the whole of the 
apparently almost “superior” fruit in the mature state (e.g. in Baszsperma, 
Xanthostemon, Whiteodendron, Lindsayomyrtus, and some others of the 
Metrosideros alliance, as well as Heteropyxis); the latter is perhaps a primitive 
condition, though produced to varying extents by differential post-floral growth. A 
censer-mechanism of seed shedding is achieved in various groups (e.g. in many species 
of the Eucalyptus alliance) by the combination of top-opening capsular fruits with 
corymbiform inflorescences or conflorescences. The fenestrate fruits of Mearnsza s. str. 
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are remarkably modified to release the seeds partly through collapsed areas (between 
the main vascular strands) in the sides of the capsule and of the thin-walled 
perigynium (Dawson, 1970b, 1976). 


Reduction in carpel number is common, yielding 3-locular, 2-locular, or rarely 1- 
locular ovaries; increase is less so, but occurs (for example) in some Symphyomyrtus 
and Eucalyptus s. str. and in Leptospermum sect. Fabricza. Internally, there are 
major changes in floral vasculature, placentation, ovular orientation, and 
embryological features, as well as in the form and anatomy of seeds. The Eucalyp- 
topsts and Eucalyptus alliances show a differentiation between functional ovules and 
ovulodes; the latter lack embryo-sacs but presumably perform some function in seed 
dispersal. Many capsule-bearing groups (e.g. Leptospermum and its allies) regularly 
produce sterile seeds (formed from “normal” ovules) as well as fertile seeds, and 
sometimes (e.g. Eucalyptus alliance) such sterile seeds are produced in addition to 
ovulodes. 


Duration of flower and fruit development exhibits marked differences, of more or 
less obvious adaptive value. The flower-buds of Darwinza spp., for example, mature 
over a few months, and the fruits, with the perigynium little changed from the 
flowering condition, mature in a few weeks. In tropical members of the Eucalyptus 
alliance (especially “Blakella” and “Corymbia”’) the development of flowers and fruits 
is completed in less than a year. By contrast, the development of flower buds in many 
species of Eucalyptus s. str. takes up to two years, and fruit maturation extends over six 
to nine months. The fruits may then remain on the plant for some years before seed 
release, a feature associated with fire-prone habitats (Pryor and Johnson, in press) , 
and shown also by many woody-fruited members of the Leptospermum alliance. 


9.2 Adaptive syndromes 


Just as the inflorescence must effectively present the flowers for pollination, so 
must its later stage, the infructescence, bear the fruits suitably for seed dispersal. For a 
species to survive, the shapes, sizes, and functions of its floral structures and fruits 
must be adaptively co-ordinated with the sizes and relationships of the parts of the 
inflorescence, which are in turn constrained by its basic structural plan. 


Pollination of Myrtaceae may be by insects, birds or, in some cases, gliding or 
non-flying mammals (Rourke and Wiens, 1977, and references therein) , and possibly 
by bats as well, though we know of no evidence of the last. Wind-pollination has been 
reported (Pryor, 1976) as a rare condition in Symphyomyrtus sp. (“Eucalyptus” 
tereticornis Sm.). Breeding systems (including compatibility relationships) have been 
studied in Eucalyptus s. lat. (e.g. Pryor, 1976), while a few species of Darwinza 
(Briggs, 1964), although closely related to outcrossing species, show regular self- 
pollination before anthesis. 


Investigations of reproductive biology have been limited to a few genera, but an 
association between red flower-colour and ornithophily appears to be established and 
probably applies in the brilliant brush-blossoms of certain species of Metroszderos, 
Mearnsa s. str., Purpureostemon, Melaleuca, Callistemon, Calothamnus, Beaufortza, 
Fevyoa, Myrrhinium (filaments very long, dark red, but relatively few) , and a minority 
of the species of Xanthostemon, “Corymbia”, Eudesmia, Symphyomyrtus, Melaleuca, 
and Syzygzum. The cream-coloured brush-blossoms of the majority of the Eucalyptus 
alliance and of Syzygium are also visited by birds, and indeed birds may be among the 
visitors to flowers of many genera with moderately long and fairly numerous stamens. 
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Ornithophilous specialization has arisen separately in a number of lines, and may be 
found throughout almost the whole ecological range of the family, in rainforests, 
woodlands, heaths, and probably even in the Australian eremaea (in Lamarchea). 


Small flowers, presumably insect-pollinated, with conspicuous petals, also occur 
through the whole ecological range but are particularly common in scleromorphic 
heaths and scrubs on infertile soils (Johnson and Briggs, in press). In such shrubby 
communities, it is common for the flowers to be variously massed in conflorescences or 
superconflorescences (e.g. Leptospermum spp., Agonis, Baeckea spp., Calytrix, 
Calythropsis, Micromyrtus, Thryptomene, Homalocalyx, Wehlia). Rylstonea has 
small but rather conspicuous conflorescences of pendulous flowers. Functional 
aggregations or large panicles are found in some Myrtaceae of forests and woodlands 
also (e.g. Kania, Xanthostemon spp., Backhousza, Choricarpia, Allosyncarpia, spp. of 
Myrcza and its allies, Temu, Pimenta, Xanthomyrtus, Marlieriopsis, spp. of Syzygium 
and its allies, Myrczanthes, and Pseudanamomis). It is notable, however, that in 
mesomorphic or only moderately scleromorphic species of the undergrowth or under- 
storey of the less sclerophyllous communities the situation is often rather different. 
There one finds a higher proportion than among the more specialized scleromorphs of 
small to medium-sized, or occasionally quite large, flowers with approximately equally 
conspicuous (or inconspicuous) corolla and androecium, often in monads and triads 
that are not massed (e.g. Cloezia spp., Myrceugenza, Pstdtum spp., Ugni, Myrteola, 
Myrtus s. str., Rhodamnia, Archirhodomyrtus, Austromyrtus spp., Lophomyrtus, 
Uromyrtus, Neomyrtus, Myrtastrum, Myrtella, Pilidiostigma, Blepharocalyx spp., 
Campomanesia, Luma, Reichea, Eugenia spp., and Stereocaryum). 


Various organs provide the most conspicuous structures of the flower, as in the 
following examples (which also indicate colours and common _ inflorescence 
conditions) . Where conflorescence or superconflorescence structure is usual and well- 
developed, this is also indicated (P = panicle, Th = thyrsoid, Mb = metabotryoid, 
B = botryoid, Tr = triad, M = monad, —C = conflorescences commonly 
specialized, —C” = superconflorescences commonly specialized, + = present in 
some members only). Table 3 should be consulted for a more complete listing of 
inflorescence conditions in these genera. The examples are not exhaustive. 


Most conspicuous structure : 

Perigynium: red: Symphyomyrtus spp. e.g. S. sp. (= “Eucalyptus” forrestzana 
Diels (Tr) ) ; Balaustzon sp. (M). 

Calyx-segments: white, pink, red, purple, or yellow, and laciniate or fimbriate: 
Verticordia (M — C —+C?). 

Calyx-segments, petals, style, and extended perigynium: white, yellow, or pink, 
and often combined with reddish “bracteoles” (prophylls): Homoranthus 
(M — +C). Rylstonea (M — C). 


Petals: white or cream (only a few examples listed) : Heteropyxis (P), Sznoga 
(M —C), Marliertopsss (Th, Mb); white and pink in different species: 
Leptospermum (M — C — +C?) Baeckea (D, Tr, M), Calytrix spp. (M—C), 
Chamelauctcum (M — +C — +C?), Eugenia (M — C — +C’); pink: Wehlza sp. 
(M—C), Péleanthus sp. (M—C—+C?”) ; red: Balaustion sp. (M), Octamyrtus 
(M) , Fenzlia (M) ; purple: Calytrizx spp. (M — C); yellow: Leptespermum 
(sect. Fabricia) sp. (M — C), Hypocalymma spp. (M — C’), Wehlia sp. (M — C). 


Petals and staminal filaments about equal (only a few examples listed) : white or 
cream: Lystcarpus (Tr), Lophostemon (D, Tr — +C), Myrcza (P, Mb, B, Tr, M), 
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Psidium (Tr, M—+C), Ugnt (M—=C), Myrtus s. str. (M); yellow: 
Xanthomyrtus (Tr, M) ; white or pink: Rhodomyrtus (Tr, M — +C). 

Staminal filaments: white or cream: most species of all genera of Eucalyptus 
alliance (Th, Mb, D etc.— +C), Calyptranthes (P, B, Tr, M etc.); white or 
pink: “Calyptropetala” (Tr — +C); white and red in different spp.: 


Metrosideros s. str. (Tr—C), Mearnsza s. str. (P, Th, Mb, B, Tr—+C), “Corym- 
bia” (Th, D, Tr—+C), Kunzea spp. (M—C), Melaleuca spp. (Tr, M—C—+C?), 
Callistemon (M — C), Syzygzum (P, Mb, B, Tr, M); red: gen. aff. Callistemon 
(in part) (M — C), Calothamnus (Tr — C), Eremaea spp. (M — C); red and 
green in the same or different spp.: Symphyomyrtus spp. (S. lehmanni green) 
(D—+C), Melaleuca spp. (Tr, M—C), Callistemon (M—C), Beaufortia 
(Tr — C); pink: “Corymbia” spp. (Th, D, Tr —+C), Symphyomyrtus spp. 
(D — +C), Melaleuca spp. (Tr, M — C — C?), Syzygium spp. (P etc.) ; dark red 
or purple: Purpureostemon(M—C), Melaleuca spp. (Tr, M—C—C?), 
Phymatocarpus (Tr —C), Regelia spp. (Tr —C), Myrrhinium  (P, 


DP) orange: Eudesmia spp. (Mb, D — +C), Eremaea spp. 
(M — CQ); yellow: Xanthostemon spp. (P, Mb, B, Tr, M — +C), Conothamnus 
(Tr — C). 


Involucral “bracts”: red, pink, purple, or yellow: Darwinia spp. (M —C, 
pseudanthia) . 


Sterile “ray” monads: white or pink: Actznodium (M — C, pseudanthia) . 


The foregoing sample of conditions in particular genera is incomplete and not 
randomly selected, but it demonstrates the variety of flower types and colours that 
occurs in each of the inflorescence categories. 


The presentation of the flowers is affected by the position and orientation of the 
inflorescence and the relative elongation of axes, in addition to the basic inflorescence 
structure. Ramiflory and cauliflory may be partly associated with the support of large 
fleshy fruits but, more importantly, these conditions involve a shift of the flowers and 
fruits from the periphery of the foliage to the interior of the crown. This doubtless 
involves pollinators and seed-dispersal agents that live under the canopy. Most 
inflorescences are held more or less erect or spreading, but the conflorescences of 
Rylstonea and most of the pseudanthial conflorescences of Darwinza spp. are nodding, 
as are uniflorescences in many species of Symphyomyrtus and some of the large flowers 
of cauliflorous or ramiflorous species (e.g. of Syzygzum). The flowers of Balaustzon 
pulcherrimum Hook., and of some Darwinza spp., are probably visited by ground- 
feeding rather than perching birds. Corymbiform massing of flowers is common in the 
short, broad thyrsoids of Angophora spp., “Corymbza” spp., and “Gaubaea” sp. 
(“Eucalyptus” curtisez Blakely & White), and also in the panicles of Syzygzum spp., as 
well as in the very differently constructed conflorescences or superconflorescences of 
monads exhibited by Pileanthus and Verticordia. 


It would seem that primitive Myrtaceae had partly superior capsular fruits that 
were not particularly woody, as indeed is still the case in many genera of the 
Metroszderos alliance and in Heteropyxis. In Myrtoideae the fruits came to be wholly 
surrounded by the perigynium, which became fleshy, in association with zoochory. 
Large size and/or reduction in seed number are common secondary developments. In 
many Leptospermoideae also, the fruits became largely enclosed in the perigynium, 
but for the most part remained capsular with free loculicidal valves at the top. In 
habitats subject to fire and periodic drought, the perigynium has become thickly 
woody, protecting the seeds from heat and desiccation. In a few cases (e.g. 
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Lindsayomyrtus) there are quite large oligospermous fruits, developed almost entirely 
from the free part of the ovary. A striking contrast in fruit size and perigynial 
thickening is found within Symphyomyrtus: one may compare “Eucalyptus” 
microtheca F. Muell. and “E.” macrocarpa Hook., respectively with fruit diameters of 
3-4 mm and c. 90 mm and found in virtually fire-free and fire-prone situations; seed- 
size in these differs greatly too, and factors other than fire are also involved. Woody 
thickening is largely confined to the perigynium; where part or all of the capsule is 
superior that portion is seldom very woody, exceptions being the thickened valves in a 
few species of Symphyomyrtus and Eucalyptus s. str. 


Succulent fruits characterize the Myrtoideae but have also evolved as a rare 
condition in three other lines (Kjellbergiodendron, Kunzea pomifera F. Muell., and 
Leptospermum semibaccatum Cheel), whilst in the mangrove genus Osbornza the 
fruits appear to have lost the usual succulence of the Myrtoid perigynium, while 
remaining indehiscent. In this last case, animal dispersal has presumably been 
replaced by floating on the water. In the Backhousza alliance and the Chamelaucium 
suballiance the fruits have become indehiscent and few or one-seeded, but have 
remained small and without a markedly succulent perigynium. The whole fruit func- 
tions as a disseminule in these cases. The various methods of dispersal are yet to be 
studied in detail. In Backhousza spp. the persistent calyx retards the fall of the fruits, 
which twirl through the air. In many of the Chamelaucium alliance the whole 
perianth persists on the shed fruit. Fruits advertise their presence, presumably to birds 
or to primates with colour-vision, by red, orange, yellow, and blue coloration of the 
outer layer of the fruiting perigynium (pseudo-exocarp) . 


Several inflorescence modifications, which must have evolved repeatedly in 
various separate groups, are frequently associated with the support of large fruits, and 
sometimes large flowers. Such modifications are reductions in branching and in 
overall flower number, and the shortening or thickening of axes. Where the fruits 
persist for several years before seed-release, even small fruits require adequate support 
on perennial axes, as in the conflorescences and superconflorescences of sessile or 
subsessile flowers in some Leptospermum species and in the Calothamnus suballiance 
generally. 


Biogeographic considerations have been omitted from this discussion (a brief 
account of the phytogeography of Myrtaceae is given by Johnson and Briggs, in press) , 
but the occurrence of similar adaptive features and syndromes in taxonomically widely 
separated groups is matched by their occurrence in geographically remote regions. 


10. CONCLUSION 


To us, as to most investigators of the Myrtaceae, the family — as here constituted 
— appears to be a very coherent one. Although its two subfamilies may correspond 
with a natural division within it, their more primitive members would not have been 
very dissimilar, and it may indeed be that the Eucalyptopses and Eucalyptus alliances 
together diverged very early from the rest of the Leptospermoideae, even before the 
clear separation of the latter from the Myrtoideae. Within its general morphological 
framework, the family shows great diversity in environmental adaptations, vegetative 
features, inflorescences, flowers, and fruits. 


The numerous stamens, produced in phalanges by dédoublement, appear to have 
been pre-adaptive for the evolution of brush-blossoms, which in the less specialized 
cases may be facultatively bird-pollinated, but in the more advanced cases are often 
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tightly adapted to pollination by long-billed nectar-eating birds. Attraction of 
pollinators by massing of flowers has presumably been a major factor in conflorescence 
and superconflorescence specialization, though this must have followed a reduction 
(presumably under different selective conditions) of many-flowered uniflorescences. 
The adaptive value of perigynium thickening in the fruits (fleshy in zoochorous 
Myrtoideae, woody in fire-prone habitats in which usually only Leptospermoideae 
have been able to succeed) has doubtless sometimes been involved in reductions of the 
degree of branching of inflorescences. Factors promoting increase or decrease in the 
number of flowers in the functional floral grouping seem often to have acted together, 
or in sequence, to achieve a new balance — a somewhat similar presentation of 
flowers, achieved by a different structural plan. The widespread, but spatially and 
temporally discontinuous, incidence of such adaptational factors has led to many 
parallel or convergent trends at various levels of evolutionary divergence. 


Because of this very extensive parallelism, inflorescences cannot be used, either 
alone or as predominating features, in determining affinities and satisfactory 
suprageneric groupings. They are, however, useful in characterizing and 
distinguishing certain groups, and in understanding relationships of species and 
genera within alliances. They may also provide a valuable check when considering 
trends in other features: do the postulated affinities and phylogeny involve associated 
changes in inflorescences that are improbable on general biological grounds, or 
discordant with patterns found elsewhere in the family? 


Superficial characterizations of inflorescences or comparisons between distantly 
related Myrtaceous groups are likely to be misleading. Effective comparison calls for a 
clear determination of equivalence, in the light of correspondences in the family as a 
whole. 


Inflorescences in Myrtaceae, like other organs and as in other families studied in 
some detail, illustrate the channelling of evolutionary possibilities imposed by 
genetically determined patterns of development and by stages in evolutionary change 
that have already been attained. Riedl (1977) discusses the positive and negative feed- 
back cycles involved in such channelling, in systems-analytical terms and with 
reference to epigenetic control. The stabilization of uniflorescence-conflorescence 
patterns, while allowing further change wethzn this framework, can be seen in this 


light. 


We believe that the scheme of relationships embodied in the systematic 
framework presented here approaches an understanding of Myrtacean phylogeny 
more closely than do previous systems. Nevertheless, much more comparative 
investigation is needed, of chemistry as well as morphology and anatomy. Studies of 
development in a wide range of genera and of the putatively related families are 
necessary for more thorough comparison and evaluation of trends in androecia, 
gynoecia, ovules, embryus, and such vegetative features as trichomes. 


As the relationships thus become better known, the evolutionary history may be 
elucidated in the light of phytogeography, fossil evidence (very meagre and 
unpromising at present), and past dispersal opportunities, as well as co-evolution of 
pollinators, fruit-dispersal agents, phytophagous insects, and fungal and microbial 
pathogens. Concurrently, the study of inflorescence form on a firm comparative basis 
should contribute to a general understanding of the evolution and biology of the 
family. In turn, the adaptive reasons for, and sequences in, evolutionary changes in 
inflorescences themselves should become clearer. 
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ADDENDUM 


Since completion of the text, we have seen the paper by Legrand (1975) in which 
he discusses Pilothectum, to some extent redefining it and reducing it to subgeneric 
rank under Eugenza. He indicates that there is considerable variation in inflorescences 
within and amongst the species; his descriptions do not permit us to interpret the in- 
florescences fully in terms of the criteria used in this paper, but some of them appear 
to be less reduced than is the rule in Eugenza. It might therefore be best to retain 
Pilothectum until the whole Eugenza complex is more thoroughly revised. Legrand 
points out that Psewdomyrczanthes as to its type species “Eugenza pyriformis’, appears 
to be a perfectly representative Pilotheczum; it should therefore be deleted from the 
genera tentatively recognized herein. 


Legrand criticizes Kausel’s separation of plinioid and eugenioid groups, pointing 
out the variability of embryo conditions amongst closely related species and genera; 
this is in general agreement with the standpoint that we have adopted. He recognizes 
the significance of the differences between the Syzgzum and Eugenia groups, where a 
complex of characters is involved. He makes no mention of the cryptorhizoid embryo- 
type, which does seem to be distinctive though it is not clearly associated with a 
complex of other characters. 


Legrand also points out that Corynemyrtus was referred by Burret (1941a) to the 
synonymy of Pszdzuwm ; we had overlooked this point, which needs further checking. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEW SOUTH WALES, Vol. 102, Part 4 


236 MYRTACEAE — INFLORESCENCE STRUCTURE 
APPENDIX I. THE RELEVANCE OF TROLL'S SYSTEM OF INFLORESCENCE TYPOLOGY 


i. General 


As mentioned above (3), the contribution of Wilhelm Troll is outstanding in its 
clarification and systematization of inflorescence structures. Troll’s great work Die 
Infloreszenzen was intended to consist of nine major sections. Only three of these have 
been published (Troll, 1964, 1969), in one and a half “Bander”, together making up 
two books of over 1,200 pages. In contrast to the simple and clear style of his earlier 
introduction to plant morphology (Troll, 1954, 1957), the treatise on inflorescences is 
written in so intricate and complex a style that it is very difficult for non-German- 
speakers to comprehend in detail. Consequently it has been neglected or only imper- 
fectly understood by most English-language botanists. The brief exposition by 
Weberling (1965) should have remedied this to some extent, but one must study Troll 
in detail and absorb his way of thinking as illustrated by many examples and 
discussions, in order to grasp fully his typological approach and the application of his 
theory. Even this is inadequate for a full understanding, owing to the non-publication 
of the late parts of his monograph, dealing for instance with polytelic synflorescences, 
inflorescence conditions in woody plants, proliferating synflorescences (auxotely in 
our terminology), and the inflorescences of monocotyledons. 


The effort required to study Troll’s inflorescence work is rewarded by a greatly 
increased understanding of inflorescences and the spatial relationships of shoot, leaf, 
and flower organs (irrespective of one’s acceptance of all his premises) , and demon- 
strates how inadequate, and indeed vapid, were the attempts by such English- 
language authors as Rickett (1944, 1955) to describe and classify inflorescences. 


Nevertheless, several of his concepts, including a number of the most funda- 
mental, are incompatible with certain aspects of the inflorescences we have studied. 
These aspects are sometimes mentioned here with particular reference to Myrtaceae, 
but they are of general relevance in developing logical systems of inflorescence 
analysis. 


Although he indicated his intention to deal with woody plants in future volumes, 
it is clear that Troll’s system of inflorescence typology was developed from study of 
annual dicotyledonous herbs, chiefly of the North Temperate Zone. 


He does include examples from perennial herbs (but chiefly geophytes etc. with 
annual above-ground parts) and, more casually, woody plants (but especially those of 
marked seasonal growth as familiar in European woods and gardens), as well as a few 
from monocotyledons, but the difficulties that arise in those cases are not explicitly 
faced in his published volumes. 


Troll’s concepts of the Unterbau (the substructure, i.e. the branching or unbran- 
ched vegetative zone proximal to the flowering region) and of the synflorescence both 
have connotations of a system of growth that reaches its culmination in flowering. (It 
is possibly symptomatic that the continuation of vegetative growth after flowering by 
the axis of an inflorescence — auxotely in our terminology — is termed 
“Prolifikation”, which may suggest that a perennial condition for a flowering axis is 
considered somewhat aberrant.) 


The concept of the Hauptfloreszenz (i.e. main florescence — not main 
inflorescence as translated by Carolin, 1967), appears to have been conceived in 
relation to the single main flowering stem of a polytelic herbaceous plant. Although 
the term may be applied elsewhere, it does not carry the same significance in 
arborescent species with numerous inflorescences. 
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Troll’s typological “theory” does not necessarily imply a system of causal 
explanation or of temporal sequence, though he does mix in such ideas in some of his 
comments through his book. The approach depends on the setting-up of conceptual 
archetypes from which other arrangements can be considered derived, in the sense 
that one can derive one geometrical arrangement from another by changing the 
numbers, lengths, or (within stricter limits) positions of component elements, while 
preserving a certain set of relationships amongst them (the structural plan, or 
Bauplan) . Having decided on the Bauplan, the “theory” and the terminology are to a 
considerable degree inflexible, and the whole structure can thus topple if the choice of 
Bauplan basic to it is shown to be ill-founded. We fear that, in the framework of 
evolutionary reality, Troll’s system (or any other typological one) must indeed collap- 
se for just this reason, despite the continued value and validity of much of his analysis 
if it is divorced from his theory-bound terminology. 


Twice, Troll seems to have been unfortunate in beginning from the wrong point: 
(1) the consequences of his initial concentration on hapaxanthic herbs are mentioned 
above, and have been the subject of criticism by Carolin (1967); (2) the concept of 
the mazn florescence (Hauptfloreszenz, HF), with its more or less associated ideas of 
the basal internode (Grundinternodium), terminal internode (Endinternodium), 
paracladia, synflorescence, and enrichment zone, seems to have begun with a 
consideration of indeterminate, racemose forms (blastotelic-anauxotelic in our 
terminology, polytelic in Troll’s), leading to his equating the single terminal flower 
(Terminalblute, E) on the lowest-order (main) axis of a monotelic (anthotelic) 
synflorescence to the HF of a polytelic synflorescence. This concept is manifestly 
unworkable when applied to cases where within-group transitions are observable 
between otherwise comparable inflorescences ending respectively in a flower or an 
indeterminate bud. Since it is part of the essence of his approach, its unacceptability 
has been a major factor leading to partial or total rejection of Troll’s system by 
ourselves, as well as by Carolin (1967) and Stauffer (1963) . 


These two authors each advanced some alternative definitions, using some of 
Troll’s terms; we cannot recommend Carolin’s redefinitions of main florescence (also 
termed by him “the inflorescence itself’), synflorescence, and enrichment-zone, for 
they so alter Troll’s concepts that confusion is inevitable if the same terms are used. 
Moreover, though less typological than Troll’s, these redefinitions are inadequate to 
distinguish many common situations; for example, Carolin’s definition of a 
synflorescence would in many cases lump Myrtaceous uniflorescences and 
conflorescences into a single class. 


Stauffer, writing before Troll’s main exposition of his system, put forward 
criticisms that still appear largely valid and have not been answered in Troll’s 
subsequently published work. Like Carolin and ourselves, he points out in particular 
the correspondence in general structure between anthotelic and blastotelic forms in 
certain taxa, and defines paracladia (repetition branches) differently from Troll, 
stressing the sequence of flower development and of anthesis (largely ignored by Troll 
— and fortunately not presenting any evident problem in the Myrtaceae!). More 
generally, Stauffer emphasizes the difficulties in setting up a general theory of 
inflorescences on deductive bases, and the necessity of working from the facts of nature 
and not from preconceived ideas. This is tantamount to a rejection of the typological 
approach, a rejection with which we agree. 


Typology amounts to the selection of particular sets of relations between struc- 
tures as models to which observed cases are referred by certain more or less defined 
procedures of conceptual (in the present case usually essentially geometric) 
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“derivation”. Unless such a system is based on actual temporal derivation (evolution) 
in nature, illuminated by ontogeny, the starting points and the “allowable” concep- 
tual derivations are primarily governed by a general conception of a “norm” and by 
the simplicity of the process of subsequent derivation therefrom. If they are found not 
to fit in with phylogenetic relationships (which are generally, but not unreasonably, 
inferred), or even with relationships resulting from some other and perhaps more 
tractable typological approach, the system is in serious trouble, because its 
terminology is fixed and dependent on the original arbitrary or idealistic assumptions. 


For these reasons, it is desirable to reduce the typological element (one cannot 
eliminate it since it is implicit in language and probably in thought) and to employ a 
descriptive, relatively theory-free, system for general classification of structures like 
inflorescences, which vary in many directions and in which it is difficult to determine 
evolutionary homology over the wide domain of angiospermous orders. Special 
terminologies, or special-purpose definitions, carrying more implication of homology, 
can then be introduced when required for use over smaller domains, with their 
limitations clearly indicated. 


Variables in inflorescences are several: topology, metric relations (including 
allometric relations between organs of the same or different kinds), developmental 
sequence, and so on, and we hope to set these out elsewhere, together with an 
arrangement of the more useful of Troll’s and other well-known descriptive terms for 
inflorescence types and components, as considered in relation to these variables. Some 
such acceptable terms, as used in this paper, are defined above (3) or in Appendix II. 


il. Some particular concepts and terms 


In matching synflorescence structure between his polytelic and monotelic cases, 
Troll (1964: 150-151), as we have seen, equates (in a “purely formal” sense, to be 
sure) the racemose or thyrsic (not thyrsoid) Hauptfloreszenz (HF, main florescence) 
of the former with the single Endblute (E, terminal flower) of the latter. In keeping 
with this, he matches the Grundinternodium (GJ, basal internode) of the HF (i.e. the 
first internode above the most distal paracladium) with the Endinternodium (EJ, 
terminal internode) of the E (i.e., in our terminology, the anthopodium of the 
terminal flower), on the ground that below this EJ one finds the most distal 
paracladium. In each case the region bearing paracladia is known as the 
Beretcherungszone (BZ, enrichment zone, the “field of enrichment” of Weberling, 
1965). As already stated, we reject this formal correspondence and the terminology 
based upon it, as inconsistent with the actual situation in many inflorescences (though 
it can be applied well enough without contradiction within some taxa, large or small) .. 
Stauffer (1963) rejects it in Troll’s interpretation, but does accept the paracladium 
(or Berezcherungsachse = enrichment axis) concept in a modified sense, making 
allowance for the undoubted fact that repetztion of structural plan of the HF (the 
essence of the paracladium concept) must, in some groups, be assessed in terms not 
only of branching geometry, but also of order of flower initiation and/or maturation. 
Thulin (1975) makes a similar point. 


Carolin (1967: 25) discusses this question also, distinguishing “morphological” 
from “physiological” (flowering-order) definitions of the BZ: we do not agree with his 
view that, whilst the latter may assist “in determining intra plant relationships”, it will 
not do so (as the “morphologically” defined BZ will) “in determining taxonomic 
relationships” (for which we read “inferred phylogenetic relationships” if it is to have 
any substantive meaning). We have found no need for any of the above concepts in 
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analysing Myrtaceous inflorescences, and some of them would lead only to confusion 
and misinterpretation; still, the notions of enrichment zones and paracladial 
repetition (as an aspect of “serial homology”) are of use, descriptively, in certain 
families with other patterns of inflorescence comparability. 


Polytely (many-endedness) and monotely (one-endedness), as concepts, reflect 
Troll’s emphasis on the facts that in the former the first axes to end in flowers are all of 
the second order (“biaxial systems”) and that each ultimate unit of repeating struc- 
ture (the HF and the paracladia) has many flowers. In the monotelic case, an axis of 
the first order ends in a flower (the E) and the wltzmate paracladia (in his sense, not 
necessarily in Stauffer’s!) all consist of sengle flowers also. Thus these terms are theory- 
bound, and consequently will not do to replace zndeterminate (open) or determinate 
(closed). Stauffer considers open (offen) and closed (geschlossen) to be adequate 
terms, but since these and determinate or indeterminate are words of wide application 
in other senses, and since so-called “open” (“indeterminate”) shoots may in fact be 
quite determined (anauxotelic) in their growth possibilities, we find blastotelic 
(comprising anauxotelic and auxotelic) and anthotelic (3.1.1) and the corresponding 
nouns in -tely usefully unequivocal, and propose them for general use in a descriptive, 
theory-free sense. 


While rejecting elements of Troll’s terminology, we should also note the 
limitations of some of the terms we have adopted. Unzflorescence and conflorescence 
cannot be taken as phylogenetically-based terms, implying a particular degree of 
aggregation. The flexibility of the anthotelic/blastotelic condition, as in Myrtaceae, 
precludes this, except within limited fields of affinity or among relatively similar 
inflorescences. Notwithstanding these problems, we consider such terms useful, and 
indeed necessary to express equivalences and evolutionary trends of the types 
postulated here. Used over a wide field they are descriptive only; within a narrower 
field they probably do apply to phylogenetically homologous structures, but this must 
be evaluated in each case. Since Troll stresses the Unterbau as part of his synflorescence 
system, some limit is required lest the incorporation of the linking proximal axes 
should result in the whole crown of a flowering tree being taken as a single 
synflorescence — scarcely a useful interpretation. We reject the synflorescence 
concept, yet some problem remains here. To provide a frame of reference for 
specifying the relative positions of nearby axes, we define (2.2) the SEASONAL 
GROWTH UNIT (SGU). Axes with similar relative positions within the SGU show 
regularities in the potential for florigenous or vegetative development, and it appears 
that further study of such patterns is warranted in the Myrtaceae, and doubtless in 
other families. 


We have retained the term prophyll (Vorblatt), as used by Troll; the prophylls 
being the first two foliar organs (only one in monocotyledons) on a vegetative or 
reproductive branch. Although it is dubious whether there is any essential difference 
between prophylls and later phyllomes (and prophylls are absent from flower-stalks in 
some families) , nevertheless in many groups (including Myrtaceae) the prophyllar 
node is usually retained on all branches, though more distal nodes are often lost by 
curtailment of the growth or termination in a flower. Every superficial axillary bud 
has at least its prophylls, though of course these may not be developed in cryptic buds, 
which are merely meristematic patches hidden in the cortex (e.g. epicormic buds of 
eucalypts etc.). Where a panicle terminates a frondose axis, the prophylls on the main 
axis (a,) are separated from the terminal flower by many nodes and are sometimes 
leaf-like in form. On the other hand, the prophylls of higher-order axes within the 
panicle would be “bracteoles” associated with individual flowers and very different 
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from foliage leaves in their development. Usually (in Myrtaceae and many other 
anthotelic families) the side flowers are “bracteolate” (bracteoles = prophylls), but 
central flowers are often “ebracteolate” (lack metaxyphylls) except when they are 
solitary (i.e. in true monads, where again the prophylls are the “bracteoles’’) . 


Related to the prophyll concept is that of the baszpodia (Troll, 1964: 194 ff.), 
comprising the hypopodium, mesopodium, and epipodium. These are respectively the 
internodes below, between, and above the prophylls (the mesopodium is absent if the 
prophylls are opposite or if there is only one prophyll). Taking the flower as the 
reference point we introduce the term anthopodium (3.4); on an axis with only the 
prophyllar node(s) this corresponds with the epipodium but there is no connection 
between the concepts as such. 


Troll introduces several useful terms in German form only, whereas in other cases 
he gives equivalents for international usage. We have adopted the Greek-based trans- 
lation pherophyll in place of Tragblatt (Troll uses Deckblatt also in much the same 
sense) , referring to subtending foliar organs. Similarly, metaxyphyll is used in place of 
Zwischenblatt (see 3.5). 


APPENDIX II. DEFINITION OF TERMS 


Terms newly introduced are given in capitals; many of these are discussed above 
(3.1-3.5). Well-known and unequivocal terms (e.g. axzs, node) are not listed. 
T: term (or German equivalent) used by Troll (1954, 1957, 1964, 1969) but not 
necessarily originated by him. Bracketed terms [ ] are not accepted in our analysis, 
although the concepts to which they refer are sometimes accepted under other terms. 
Corresponding nouns indicated: (n) ; adjectives: (adj.) ; more or less the same as: = . 
N.B. In definitions, the term znflorescence is usually to be understood as including 
partial inflorescence and also unzflorescence (or part thereof). The symbols after 
certain terms refer strictly to use in the present paper. 


a, — The main or primary axis of a uniflorescence (anthotelic in Myrtaceae). In 
the case of an anthotelic inflorescence terminating a main shoot, a,= R, (q.v.), and 
its use is therefore avoided. 


a, — Asecond-order axis of a uniflorescence (anthotelic in Myrtaceae) . 


a; ...n — A third (... nth) order axis of a uniflorescence (anthotelic in 
Myrtaceae) . 


Accessory (1) — Used of an additional axis, inflorescence, or bud above or below 
the main axillary axis subtended by a particular pherophyll (Fig. 5). 


Acrodromous — Used of leaf venation type in which two or more primary or 
strongly developed secondary veins run in convergent arches toward the leaf apex (the 
arches not recurved at the base). In basal acrodromous venation the acrodromous 
veins originate at the base of the leaf lamina (Hickey, 1973). 


Acrotonic (T) — Producing lateral flowers or flowering branches mainly in the 
upper part of the season’s growth. Sometimes also used to describe the form of a branch- 
ing system in which the lateral branches are more extensively developed in the upper 
part. (Cf. basztonic, mesotonic, pantotonic. ) 
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ANAUXOTELIC (n. ANAUXOTELY) — Applied to inflorescences, to parts of 
inflorescences, or to axes, that are blastotelic (not ending in a flower) but in which 
growth does not continue beyond the flowering region (cf. auxotelic). From Greek: 
the end not growing. 


ANTHOPODIUM — The internode between a flower and the most distal node of 
the axis that it terminates. [ Pedzcel] is sometimes used for this internode, but is often 
employed to include also the penultimate and even lower internode (s) ; it is therefore 
avoided here. From Greek: flower-foot. (See Appendix I, 1.) 


ANTHOTELIC (n. ANTHOTELY) — Ending in a flower or in an aborted but 
distinctly floral bud; applied to inflorescences, parts of inflorescences, and axes; = 
[determznate]|, [closed], or |monotelic|, but without the theoretical connotations of 
the last term (cf. blastotelic). (See 3.1.) 


AUXOTELIC (n. AUXOTELY) — Applied to blastotelic inflorescences, to parts of 
inflorescences, or to axes, that continue growth beyond the flowering region (cf. 
anauxotelic). From Greek: the end growing. (See 3.1.) 


Axonoscopic (1) — Used of an accessory axis (or bud) situated above the 
primary axillary axis arising at the same node (cf. phylloscopic). From Greek: looking 
toward the stem. 


[ Basal internode | — = [Grundinternodium, GJ] (T). See Appendix I. 


Basitonic (1) — Producing lateral flowers or flowering branches mainly towards 
the base of the season’s growth. Sometimes also used to describe the form of a 
branching system in which the lateral branches are more extensively developed toward 
the base. (Cf. acrotonic, mesotonic, pantotonic.) 


Bauplan (1) — Structural plan; conceived in typology as the basis in terms of 
which a set of other forms can be interpreted; e.g. panicles elaborated to various 
extents (including their reduced derivatives) share a common Bauplan. 


[ Beaxzal] (T) — See Appendix I. 


BLASTOTELIC (n. BLASTOTELY) — Not ending in a flower, i.e. ending in a non- 
floral bud; applied to inflorescences, parts of inflorescences, or axes; ~ [zndeter- 
minate| or | polytelic], but without the theoretical connotations of the latter term. 
(Cf. anthotelic; embraces auxotelic and anauxotelic, see 3.1.) From Greek: ending in 
a bud or sprout. 


Botryotd (T) (adj. botryozdal; symbol: B) — An anthotelic inflorescence with 
multinodate main axis and unbranched lateral axes that have prophyllar nodes only 
(uninodate in Myrtaceae) or that consist of an anthopodium only. Embraces raceme- 
like (n. EUBOTRYOID), spike-like (n. stachyozd), umbel-like (n. sczadzozd) , and other 
variants. (Cf. botryum (incl. raceme), which differs in being blastotelic.) (Fig. 7c.) 
As with other terms designating inflorescence types, botryozd is applied either to a 
whole inflorescence or, within an inflorescence, to a portion possessing structure of the 
relevant type. Thus, some of the branches of a panicle may themselves be 
appropriately termed botryoids, whereas others may be paniculate (although less 
ramified than the total panicle of which they form a part) . 


Botryum (T) (pl. botrya; adj. BOTRYINE) — A simple blastotelic inflorescence 
in which the primary axis bears lateral flowers (provided with prophylls or not). Used 
by Troll collectively for “simple” inflorescences, viz. racemes, spikes, (blastotelic) 
umbels etc. 


Brachyblast (adj. brachyblastic) — A blastotelic shoot of limited growth (= 
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short shoot) , usually with densely crowded nodes. Sometimes used also for early stages 
of growth of temporarily brachyblastic shoots that grow on only after flowering. 


Bract — A much-reduced leaf; commonly associated with inflorescence struc- 
tures (then = hypsophyll, q.v.) or with resting buds (then = perule, q.v.). An 
ambiguous term in common usage; we do not equate bract with pherophyll (q.v.), 
since pherophylls may be bracteose or frondose. 


Bracteole — Anempty phyllome at the ultimate (or also penultimate in disperse- 
phyllotactic cases) node of an axis terminating in a flower. Use of this term is generally 
avoided here (see 3.5). 


Bracteose (1) — Ofashoot: bearing bract-like foliar organs (cf. frondose, frondo- 
bracteose, frondulose) ; of a phyllome: having the reduced nature of a bract (q.v.). 


Brochidodromous — Leaf venation type in which the secondary veins are joined 
together in a series of prominent arches and do not extend to the margin (Hickey, 
1973)))p 


Cauliflory (adj. cauliflorous) — Condition in which (non-frondose) inflorescen- 
ces are produced from resting buds on well-developed trunks or major limbs. (Cf. 
ramiflory.) 

Concaulescence (T) — Fusion (partial or complete) of an axis with an axis of 
lower order (e.g. fusion of a lateral axis to the main axis) . Involved in cases of “supra- 
axillary” branching. (Cf. recaulescence.) 


Conflorescence (symbol: C) — A floriferous branch system in which the main 
axis bears uniflorescences, but itself qualitatively different in structure from the 
uniflorescences. The main axis (R,) of the conflorescence is blastotelic, but in 
Myrtaceae the uniflorescence axes are anthotelic (cf. superconflorescence, see 3.3). 
(Term used by Johnson, 1972, 1976; Johnson and Briggs, 1975; but more precisely 
defined here). Conflorescence refers to an entirely different concept from that of 
| coflorescence | as used by Troll. 

In inflorescences of Myrtaceous type a conflorescence may result phylogenetically 
from (i) the aggregation of previously separated inflorescences by reduction of inter- 
vening axes, or from (ii) a change to blastotely in the main axis of a ramified 
inflorescence (through anthotelic/blastotelic flexibility) , which may partition it into a 
number of separate uniflorescences, each equivalent to only a lateral part of the 
original inflorescence; these uniflorescences would then together constitute a 
conflorescence (see 6.1). 

Where comparison with related groups reveals that a highly reduced structure 
that does not show two levels of organization (e.g. an apparent monad, borne on a 
minute R,) is derived by reduction of a conflorescence, the latter concept is extended 
to cover the reduced derivative. 


Corymb (adj. corymbose) — A botryum (blastotelic) in which, by differential 
elongation of the lateral axes, the flowers come to lie more or less in one plane, 
orthogonal to the main axis. Troll’s usage for an anthotelic (paniculate) inflorescence 
of this form is rejected, on grounds of consistency; likewise we cannot accept his use of 
[corymbozd] for another anthotelic (thyrsoidal) arrangement. It would be logical to 
use corymboid for a botryoid of corymb-like form. The compound cases may be called 
corymbiform panicles, corymbiform thrysozds, etc. 


Corymbiform — Having the form of, or resembling, a corymb. 
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Cryptocotylar — Of germination or seedlings in which the cotyledons remain 
within the seed-coat. (= [hypogeal]| but the reference point is the seed-coat rather 
than soil level.) 


Cyme (adj. cymose; T, in part) — An inflorescence in which the main and all of 
the subsequent axes are pronodate and each is terminated by a flower; i.e. an 
anthotelic inflorescence with strictly sympodial branching. Troll’s use of cymozd for a 
whole inflorescence with such a structure is a consequence of his system of typological 
derivation; he rejects cyme but applies cymose to partial inflorescences of this form. 
Whereas, following Troll’s usual but not universal practice, we adopt -o7d as a 
termination for many anthotelic inflorescence forms, we except cyme and panicle 
where the basic terms refer to anthotelic cases. 


Dichasitum (T) (adj. dzchascal; symbol: D) — A cymose inflorescence with 
opposite or disjunct-opposite lateral branches produced on both sides of the main axis 
and subsequent axes. (Cf. monochasium, pseudomonochastum). All axes pronodate 
(in fact uninodate, though occasionally + disjunct), except the highest-order axes, 
which may (not normally in Myrtaceae) consist of a single internode (i.e. the 
anthopodium). Rickett (1955) restricts the unqualified term dzchastum to what we 
(and Troll) call a trzad (q.v.) ; we reject this restriction as unnecessary and because a 
triad can also represent a reduced botryoid (see 6.2 (i)). 


DISJUNCT-OPPOSITE PHYLLOTAXY — A variant of opposite (and decussate) 
phyllotaxy in which the two phyllomes at a node are separated by elongation of the 
nodal region (i.e. by an zntranode), often giving the appearance of “alternate” leaf 
arrangement but readily distinguished by decussate, not spiral, sequence. 


Disperse phyllotaxy (T) — Non-opposite (non-vertzcillate) phyllotaxy; 
including strictly alternate (i.e. distichous) and spiral (helical) phyllotaxy. 


[Enrichment Zone = Beretcherungszone, BZ| (1) — See Appendix I. 


Epipodium (T) — The internode immediately distal to the prophylls. (Cf. 
hypopodium, mesopodium. ) 


EUBOTRYOID — a botryozd (q.v.) in which the flowers are stalked. 


[Florescence| (T) — Term used by Troll (1964, 1969) in combination with 
prefixes for various components of the [synflorescence|. Not adopted here, but see 
Appendix I. 


Frondobracteose (1) — With foliar organs showing a gradual acropetal trans- 
ition from foliage leaves to bracts (i.e. to hypsophylls) . (Fig. 4.) 


Frondose (YT) — Of a shoot: bearing leaf-like (expanded) foliar organs (cf. 
bracteose) ; of a phyllome: having the nature of an expanded leaf, not reduced. 


Frondulose (1) — With reduced but still leaf-like foliar organs. 


Hapaxanthy (T) (adj. hapaxanthic) — Condition of producing only a single 
flowering during the life of the individual plant, as in annual herbs and in certain 
palms etc. From Greek: once flowering. 


|Hauptfloreszenz, HF] (T) — See Appendix I, = [mazn florescence |. 


Hypopodium (T) — Lowest internode on a shoot, proximal to (lower) prophyll. 
(Cf. eprpodium, mesopodium) . 


Hypotagma (R) — See under Unterbau. 


HYPSOPHYLL — Reduced phyllome (bract) associated with the inflorescence 
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region; may or may not bea pherophyll (q.v.) also. From Greek: high leaf = Hoch- 
blatt of Troll. The rare and imprecise meaning of “the bract of an inflorescence” is 
rejected. 

Inflorescence (T) — Originally referred to the process of coming into flower, but 
now a general term for the flower-bearing system of a plant, and more particularly for 
portions of such systems separated from each other by vegetative portions of the plant. 
A useful term if deliberately kept rather imprecise. (In its more restricted sense, 
= Blutenstand of German authors.) 


Infructescence — As for inflorescence but applied to fruit-bearing stage. 


Intranode — An elongation of the nodal region in disjunct-opposite phyllotaxy 
(q.v.). 
[ Main florescence | — See Appendix I; = [Hauptfloreszenz, HF]. 


Median flower — A flower (on an anthotelic axis) that is flanked by axes or by 
other flowers (Fig. 3.; cf. sede flower). The term can be extended to disperse- 
phyllotactic systems such as monochasia, where there is only one proximate flanking 
unit. 


Mesopodium (T) — Internode between two prophylls in cases of disperse 
phyllotaxy, probably also applied by Troll to the prophyllar intranode in cases of 
disjunct-opposite phyllotaxy. (Cf. epzpodium, hypopodium) . 


Mesotonic (T) — Producing lateral flowers or flowering branches mainly in the 
middle portion of the season’s growth. Sometimes also used to describe a branching 
system with more extensive development of laterals in the median part (cf. acrotonic, 
basitonic, pantotonic) . 


METABOTRYOID (adj. metabotryotdal; symbol: Mb) — Anthotelic inflor- 
escence with multinodate main axis that bears pronodate laterals branched only to one 
further order (i.e. with lateral dichasial triads or, in monochasial systems, with 2- 
flowered laterals). Differs from a botryozd in its branched laterals and from a thyrsozd 
in having laterals branched only to the first degree; derivable by reduction of ezther a 
panicle or a thyrsoid. From Greek: changed botryoid. (See 3.2, Figs. 2c, 7b) 


METAXYMONAD (symbol: M*) — Plurinodate monad; i.e. an inflorescence 
resembling a monad but with one or more non-branching nodes on the axis in 
addition to the prophyllar node(s) (a “monad with metaxyphylls’, Fig. 7h) . 


METAXYPHYLL — On an anthotelic axis, a phyllome (usually a hypsophyll) that 
is empty (except sometimes for an abortive axillary bud) and situated between the 
ultimate pherophyll(s) (or the prophylls) and the flower. From Greek: middle leaf or 


between leaf, = Zwzschenblatt of Troll. Occurring in pairs, if present, in the 
opposite-decussate systems of Myrtaceae. (See 3.6, Fig. 3.) 
METAXYTRIAD (symbol: Tr*) — Plurinodate triad; i.e. an inflorescence 


resembling a triad but with one or more non-branching nodes on its primary axis 
distal to the prophylls (a “triad with metaxyphylls”, Fig. 7g). 


Monad (T) (adj. monadic; symbol: M) — An inflorescence (or uniflorescence) 
consisting of a solitary flower together with its axis and the prophylls (if any) of that 
axis. 


Monochasium (adj. monochasial) (= Wickel, Schraubel, etc. of Troll) — A 
cymose inflorescence in which an axis of any order (except the last) produces a single 
lateral branch. Includes various subtypes (c?ncinnus, bostryx, etc., not relevant here) . 
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(Cf. dichastum, pseudomonochasium.) All axes pronodate except the highest-order 
one, which may consist of an anthopodium only. Includes cases where 2 prophyllar 
nodes are present but only one bears a branch, hence not the most precise of terms. 


[Monotelic] (T) ([n. monotely]) — Troll’s term for inflorescences in which the 
primary and other axes end in flowers (cf. | polytelic, uniaxzal, determinate, closed |, 
anthotelic) . Not accepted here (see Appendix I) . 


Multinodate — Of an axis with nodes distal to the prophyllar node (s). Includes 
plurinodate. (Cf. pronodate, uninodate. ) 


Panicle (1) (adj. panzculate; symbol: P) — An anthotelic inflorescence in 
which (i) the main and at least some of the lateral axes have nodes distal to the 
prophyllar node(s), and (ii) the lateral branch systems are not themselves thyrsoids 
(or aggregates of thyrsoids). This is equivalent to Troll’s concept of the Rzspe (syn. 
panicula). Condition (ii) excludes complex thyrsoids ([ “complex determinate thyr- 
ses” ] or [““heterocladic thyrses’]) in the terminology of Troll (1964, 1969). In prac- 
tice this means that the critical distinction is that in the panicle each multinodate 
lateral branch (of whatever order) must ezther itself bear single flowers at two (or 
more) successive nodes (i.e. be botryoidal in the distal position at least) or ultimately 
bear branches that show this condition, whereas in the complex thyrsozd no axes have 
such botryoidal portions. This distinction is rather artificial since it depends on the 
notion that a triad is cymose but a monad is not. Although most of the inflorescences 
or uniflorescences recorded in Table 3 as panicles fulfil the conditions of Troll’s 
definition, it is possible that some of them may be definable as complex thyrsoids — 
all gradations from panicle to thyrsoid occur in Myrtaceae and the distinction is not of 
much importance here. (The common English-language usage of “panicle” for 
branched blastotelic systems is rejected in favour of the German usage of Troll’s more 
precise system; most of the blastotelic “panicles” are dzbotrya or plezobotrya, as those 
terms are used by Troll (1964) and endorsed here.) 


PANTOTONIC — Producing lateral flowers or flowering branches + equally 
throughout the nodes of the season’s growth (cf. acrotonic, basttonic, mesotonic). 
From Greek: all extended. 


[Paracladium| (T) ([pl. paracladia, adj. paracladial|) — Term applied 
(Troll, 1964, 1969; but used earlier and in somewhat varying senses by other authors) 
to lateral branches of a synflorescence that repeat the structure of the main florescence 
of that system (3 [enrichment branch, Beretcherungsachse | of Stauffer, 1963, but see 
Appendix I for discussion of some difference of concept). Not employed in our 
analysis of Myrtaceae. 


Partial inflorescence (TY) — A portion of an inflorescence, particularly a part 
sufficiently ramified to show the same structural plan as the inflorescence as a whole. 


[ Pedicel] — Not used here because of vague and inconsistent application. Much 
the same applies to the German [Blutenstzel] (or to [flower-stalk|). (See 
anthopodium and Appendix IJ, ii.) 


Peduncle — A rather unsatisfactory term, retained here for the present to 
designate the proximal internode (hypopodzum) of the uniflorescence axis (a,) when 
appreciably elongated. Regarded here as non-applicable in inflorescences that 
terminate (or themselves constitute) SGU’s (i.e. where R, = a, and a uniflorescence 
cannot be distinguished). Thus restricted, it covers only one aspect of the traditional 
range of meaning, which is too vague to employ in precise analysis. One of the 
meanings given in most glossaries, i.e. the stalk of a “solitary flower’, is particularly 
incompatible with the use of [pedzcel|] for almost entirely comparable cases, 
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depending solely on the frondose or bracteose nature of the pherophylls. 


Perigynium — A cup or tube around the ovary (whether considered to be 
phylogenetically derived from receptacular tissue or from “fusion” of the outer floral 
whorls), bearing the outer floral organs at or near its distal edge and sometimes 
extending upwards or outwards beyond the ovary. In Myrtaceae the perigynium is 
usually fused to part or all of the ovary wall, but is often readily separable from it. This 
neutral and descriptive term is preferred to [hypanthium], which suggests an organ 
beneath the flower, and to the often confusing [floral tube ]. 


Perulate — Of a bud or axis: furnished with perules (cf. perular = “of the 
nature of a perule’’) . 

Perule (adj. perular) — A phyllome modified as a protective scale of a resting 
bud. 


Phanerocotylar — Of germination or seedlings in which the cotyledons emerge 
from the seed-coat; ~ [epzgeal], but the emphasis is not on elevation of the cotyledons 
above the soil surface. 


PHEROPHYLL — A subtending foliar organ. From Greek: bearing-leaf (= 
Tragblatt (alternatively Deckblatt) of Troll). (Fig. 3.) 


Phyllome — A leaf or modified leaf; inclusive term for leaves, perules, “bracts”, 
hypsophylls, pherophylls, etc. In the present context not used for floral organs, though 
these may be phyllomic in origin. The older usage for “an assemblage of leaves” is 
virtually obsolete. 


Phylloscopic (YT) — Of an accessory axis, inflorescence, or bud situated between 
the subtending leaf and the chief axillary axis arising at the same node, i.e. below the 
chief axillary axis (Fig. 5, cf. axonoscopic) . From Greek: looking toward the leaf. 


Plurinodate — Applied to a multinodate axis with only one or few nodes distal to 
the prophyllar nodes. A term of convenience when indicating the general low number 
of additional nodes (cf. pronodate, uninodate, multinodate) . 


[Polytelic] (T) (n. [polytely]) — Troll’s term for inflorescence condition in 
which the primary axis does not end in a flower but bears flowers laterally, and in 
which any multinodate higher-order axes (paracladza) repeat this pattern. = [ bzaxzal, 
indeterminate, open], blastotelic. Not accepted here (see Appendix II). 


PRONODATE — Of an axis bearing no nodes beyond the (one or two) prophyllar 
nodes (in Myrtaceous uniflorescences such an axis is usually actually uninodate). 
From Latin: before knotted, referring to the first nodes. 


Prophyll (1) — In dicotyledons: one of the first two leaves on a branch axis of 
any order; in monocotyledons: the (single) first leaf on a branch axis. Not usually 
applied to the cotyledons, though in a sense homologous with them. 


Prophyllar node — A node that bears the prophyll(s) ; the proximal one or two 
nodes on a branch. In opposite-decussate cases there are two prophylls but a single 
prophyllar node. 


PSEUDOMONOCHASIUM — A laterally depleted dichasium, i.e. a cymose 
inflorescence with essentially opposite-decussate phyllotaxy in which only one 
flowering axis develops at each node (see 8.2, No. 40). 


Pseudosciaditum (YT) — An umbelliform cyme. (See umbellaster and cf. 
sctadiozd. ) 


R, — The branch from which the R, arises. Commonly an axis bearing super- 
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conflorescences, or the main axis in certain extremely complex aggregations. 


R, — The branch from which the R, arises; a branch of penultimate order 
(excluding axes within the uniflorescence). Commonly the main axis of a super- 
conflorescence. (See 3.4.) 


R, — The branch from which the a, arises, an axis that bears uniflorescences ; 
commonly the main axis of a conflorescence. (See 3.4.) The R indicates ramus 
(= branch) ; the subscripts run backwards from that of the highest order (z) existing 
at the time when the relevant uniflorescences are produced laterally to it. 


Raceme (adj. racemose) — A botryum in which the flowers are stalked, in 
contrast to a spzke (with sessile flowers) . 


Racemiform — Having the form of a raceme. Applied herein to conflorescences 
of this form in which the main axis grows on either before, during, or after flowering, 
as well as to anauxotelic cases. 


Ramiflory (adj. ramiflorous) — Condition in which (non-frondose) inflorescences 
are produced from resting buds on woody branches formed in previous, but recent, 
seasons. (Cf. caulzflory. ) 


Recaulescence (YT) — Adnation (partial or complete) of an axis to its 
pherophyll, or a condition interpreted as such; usually seen as “bracts carried out on 
to the branch that they should subtend”. Recaulescence and concaulescence (q.v.) 
are examples of metatopy (T). 


Sctadioid (YT) — An umbelliform botryoid. (Cf. pseudosciadium, umbel, 
umbellaster. ) 


Sciadtum (T) — (= umbel, q.v.) 


SEASONAL GROWTH UNIT (symbol: SGU) — A shoot, or branched system of 
shoots, arising in one season (terminally or laterally) from an axis formed in a 
previous growing season. (See 3.1.) 


Short shoot — A blastotelic shoot of limited growth (= brachyblast, q.v.) 


Side flower — A flower flanking the median flower of a triad (the triad may be a 
grouping within a larger dichasium or within a paniculate system). (= Seztenblute of 
Troll) (Fig. 3a). 


Spike (T) (adj. specate, see also spiciform) — A botryum bearing sessile lateral 
flowers: of + elongated form as a whole (in contrast to the broadened axis of a 
capitulum) but the internodes not necessarily elongated. 


Spiciform — Having the form of, or resembling, a spike. Herein applied to 
conflorescences in which the main axis grows on either before, during, or after 
flowering, as well as to anauxotelic cases. } 


SUPERCONFLORESCENCE (symbol: C?) — A compound inflorescence of second or 
higher order; a functional inflorescence-system consisting of several or many 
conflorescences. (See 3.3, Figs. 8-12.) 


| Synflorescence| (T) — Trollian term for system comprising a main florescence 
or terminal flower, together with paracladia. Not used in our analysis. (See Appendix 
ete) 


Thyrse (T, as to his [“polytelic thyrses’”] only) (adj. thyrstc) — A blastotelic 
inflorescence with a multinodate main axis that bears lateral cymes (commonly lateral 
dichasia). (Fig. 2a.) 
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Thyrsiform — Having the form of a thyrse. Herein applied to conflorescences in 
which the main axis may grow on, as well as to auxotelic cases. 


THYRSOID (adj. THYRSOIDAL; symbol: Th) — An anthotelic inflorescence with 
a multinodate main axis that bears lateral cymes of order of branching > 1 (in 
Myrtaceae commonly lateral dichasia of > 3 flowers). Differs from a metabotryoid in 
its repeatedly branched lateral cymes, and from a thyrse in its anthotelic main axis 
(see 3.2, Fig. 2b); (= [““monotelzc thyrse”| of Troll). The adjective “thyrsoid”’ is 
eschewed here (and replaced by thyrsozdal), since it has been used for thyrszc 
(= thyrsisch of Troll) and even more vaguely. To our knowledge, the present is the 
first defined usage of thyrsozd as a noun comparable with botryozd, etc. For complex 
thyrsozd see under panicle. 


Triad (T) (adj. treadtc; symbol: Tr) — A three-flowered inflorescence of 
dichasial form (Fig. 71). Here interpreted strictly, to exclude metaxytriad (q.v.). 
Triads may be phylogenetically derived from botryoids as well as from dichasia. 


Umbel (T) (= sctadium, adj. umbellate, sciadic, see also umbelliform) — Here 
interpreted strictly as a blastotelic inflorescence of botryine structure, but with the 
nodes crowded so that the flowers or flower-stalks arise almost from one point. 
(Cf. pseudosciadium, sciadzord, umbellaster. ) 


Umbellaster (adj. umbellastral) — An anthotelic umbelliform grouping of 
flowers (with or without anthopodia or hypopodia), which may be derived from 
condensation of a cyme (dichasial, partly pseudomonochasial, or monochasial) , of a 
thyrsoid, or of a metabotryoid. (Cf. pseudosciadium, which is included under 
umbellaster but is always cymose.) When introduced by Johnson (1972, 1976), the 
non-cymose nature of some eucalypt umbellasters was not recognized. 


Umbelliform — Having the form of, or resembling, an umbel. 
[Unzaxzal] (T) — See Appendix I. 


Uniflorescence (symbol: U) — A unit inflorescence forming part of a 
conflorescence (see 3.2). Term originated by Johnson and Briggs (see Johnson, 1976) 
in the sense of “unit inflorescence”. As now defined, it is not completely equivalent to 
that concept as applied to members of the Eucalyptus alliance by Carr and Carr 
(1959) or by Johnson (1972, 1976) (see 5.2, 8.2); [unzt znflorescence] as used by 
Johnson and Briggs (1975), embodies a generally similar concept (see 3.3), but is 
applied in the blastotelic family Proteaceae. 


Uninodate — Of a pronodate axis with only one node. The presence of an 
mtranode (q.v.) does not prevent an axis being regarded as uninodate, but in 
dicotyledons with non-decussate phyllotaxy a pronodate axis is generally binodate. 


Unterbau (T) — Structure of vegetative parts of plant below (proximal to) 
floriferous regions (of synflorescence) (Troll, 1964, 1969). Although not employed 
herein, an international term would be useful since substructure and infrastructure 
are used in other senses; hypotagma (from Greek: understructure) was proposed for 
this purpose by Troll (1964). 


Verticillate phyllotaxy (TY) — Leaf arrangement with two or more leaves at each 
node; includes opposite, and also whorled (i.e. ternate and higher-numbered) 
phyllotaxies. 
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APPENDIX III — INDEX OF GENERIC NAMES IN MYRTACEAE 


For each generic taxon the serial number (Table 3) is followed by a coding indicating 
subfamily (1 letter abbreviation), alliance (2 letters) and suballiances (3 letters). Infra- 
alliance placement of members of the Calothamnus suballiance is given in Table 3. Synonyms 
are in italics but include only names mentioned in this paper. 


SUBFAMILIES: L = Leptospermoideae, M = Myrtoideae. 

ALLIANCES: Ac = Acmena, Bh = Backhousta, Ch = Chamelauctum, Cr = Cryptorhiza, Ec = Eucalyp- 
tus, Eg = Eugenia, Eo =Eucalyptopsis, He = Heteropyxis, Le = Leptospermum, Mc = Myrcza, 
Me = Metrosideros, Mt = Myrtus, Os = Osbornia. 


SUBALLIANCES: Acm = Acmena, Ang = Angophora, Bae = Baeckea, Cal = Calothamnus, 
Cha = Chamelaucitum, Euc = Eucalyptus, Kan = Kania, Lep = Leptospermum, Lop = Lopho- 
stemon, Met = Metroszderos, Sym = Symphyomyrtus, Syz = Syzygium. 


Accas. str. 84 M.Mt 210 220 

Acicalyptus 119 Wi Ave 0 WE IG RN AB) A RS} 

Acmena 124 M.Ac.Acm 171 192 211 224 225 

Gen. aff. Acmena (Syzygium floribundum) 123 M.Ac.Acm 192 211 224 

Acmenosperma 121 M.Ac.Acm 192 211 224 

Acrandra = Campomanesia (111) (M.Cr) PAV eae 

Acreugenia 128 M.Eg Ara (S 4a) \ Zen 22/5) 

Actinodium 72 le<Gh-Chawel98 2 Olle 202) 209) 220 i233 

“Adnatae” (gen. aff. Mearnsia) 8 L.Me.Met 195 206 214 

Agonis AZ L.Le.Lep 208 219 231 

Allosyncarpia 30 L.Eo NWO Wek NE TIE 7 IG} 
207. 216 89231 

Amompyrtella 91 M.Mt 210 222 

Amomyrtus 92 M.Mt 210° 

Angophora 32 1G accvore A NEE TS NO A Il 

232 

Aphanomyrtus = Syzygium (117) (M.Ac.Syz) 210 223 224 229 

Archirhodomyrtus 98 M.Mt PO 22 22S) 

Arillastrum 31 eeberAng a elGS ae eli2ie e848 Onan 2 Opmn2 le7 

Aspidogenia = Reichea (129) (M.Eg) 212 

Astartea 56 L.Ch.Bae 209 229 

[Aulacocarpus = Mouriri, Melastomataceae | = — 175 

Austromyrtus 97 M.Mt 210 8 231 

Backhousia 27 L.Bh 170 191 195 198 207 216 231 
233 

Baeckea 55 L.Ch.Bae 168 170 173 197 209 219 229 
231 

Balaustion 58 L.Ch.Bae 173 209 231 

Ballardia 13 L.Me.Met 197 206 214 215 

Basisperma 2 L.Me.Kan 167 206 214 228 229 

Beaufortia 51 L.Le.Cal 208 228 230 232 

“Blakella” 33 slaves I ME NE) = AD a PASS rs) 

Blepharocalyx 110 M.Cr U7 WOH Bll. BA AB 2H 

Britoa = Campomanesia (111) (M.Cr) We A ee 

Callistemon 45 elves Cale 20255 6203) 2082198250232 

Gen. aff. Callistemon 46 Wet Cale 202208 e232 

Calothamnus 50 iiteCal WO AB 20s 203 BID 2A — way 
230 232 

Calycolpus 86 M.Mt ZO ee 2) 

Calycorectes 138 M.Eg 212 226 227 228 

Calyptranthes 75 M.Mc SAS 92209 22.0) e228) e232 

Calyptrogenia 143 M.Eg M2 Bea NS) 
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“Calyptropetala” (gen. aff. Mearnsia) 11 L.Me.Met 206 215 228 232 

Calythropsis 61 L.Ch.Cha 209 228 231 

Calytrix 60 L.Ch.Cha 201 209 220 228 229 23) 

Campomanesia 111 M.Cr WA Py GE PAUL IL BR BHI 

“Carpolepis” = Ballardia (13) (L.Me.Met) 206 214 215 

Caryophyllus = Syzygium (117) (M.Ac.Syz) 211 223 

Chamelaucium 67 L.Ch.Cha 184 201 209 220 228 229 231 

Chloromyrtus = Eugenia (140) (M. Eg) PN PDI 

Choricarpia 28 L.Bh 168 170 198 207 216 229 231 

Cleistocalyx s. str. 118 M.Ac.Syz 192 211 223 224 228 

Cloézia 3 L.Me.Kan 191 206 214 231 

Conothamnus 48 L.Le.Cal 208 228 232 

“Corymbia” 34 L.Ec.Ang 172 183 184 189 207 218 228 
229° 230 = 8=233 

Corynemyrtus 90 M.Mt WA NO Bail RP Be 

Cryptorhiza 114 M.Cr 171 «174 ) «6211223 

“Crystalla” (gen. aff. Mearnsia) 9 L.Me.Met 168 206 215 

Cupheanthus 120 M.Ac.Syz 184 192 197 211 224 229 

Darwinia 68 L.Ch.Cha 170 183 184 201 209 220 229 
230 8232 

Decaspermum 96 M.Mt S47 PST S893 sa 20222 

Episyzygium = ?Psidium (88) (M.Mt) 210 221 

Eremaea 54 L.Le.Cal AWD PAN} | PANG) hs}, BVP 

Eucalyptopsis 29 L.Eo WD, Wee NEL I AN IG. BS 
229 

Eucalyptus s. str. 40 L.Ec.Euc 170 172 173 174 182 183 8 184 
185 197 208 217 218 219 228 
230 896.233 

Eudesmia 35 L.Ec.‘Sym 173 183 185 189 195 208 217 
218 228 230 232 

Eugenia 140 M.Eg 165 169 172 182 183 193 194 
IG) ZO 2M PAG BA ABIL 

“Eugeniomyrtus” = ? — — 171 

“Exsertis” = “Calyptropetala” s. str. (11) (L.Me.Met) 215 

(Fabricia — See Leptospermum) (41) (L.Le.Lep) 203 204 219 230 231 

Feijoa 85 M.Mt 170 174 210 221 230 

Fenzlia 107 M.Mt 210 8 231 

(‘Firmum” — See Leptospermum) (41) (L.Le.Lep) 204 219 

Fremya = Xanthostemon (15) (L.Me.Xan) 206 

[Fropiera = Psiloxylon, Psiloxylaceae | - — 

“Gaubaea” 38 L.Ec.Euc 173 183 208 217 218 228 232 

Gomidesia 76 M.Mc 1? 2D 2ADv = 22) 

Heteropyxis 26 L.He 167. 170 174 184 +191 198 207 
PMG) eA) PR 

Hexachlamys 139 M.Eg Is ZN Bay BBO 

Homalocalyx 62 L.Ch.Cha 209 229 231 

Homoranthus 69 L.Ch.Cha 174 209 220 231 

Hottea 144 M.Eg LAS 222228 

Hypocalymma 59 L.Ch.Bae 173 202 203 204 209 220 231 

“Idiogenes” 39 L.Ec.Euc 173 208 218 228 

“Inclusis” — (gen. aff. Mearnsia) 10 L.Me.Met 206 215 228 

Jambosa = Syzygium (117) (M.Ac.Syz) 211 223 

Jossima = Eugenia (140) (M.Eg) 2 227) 

Kania 1 L.Me.Kan 167 170 174 206 231 

Kjellbergiodendron 19 L.Me.Lop 168 191 207 215 228 233 

Krugia = Marlierea (74) (M.Mc) 220 228 
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ses a, seni, 


Kunzea 


Lamarchea 
Legrandia 
Leptospermum 


Lhotzkya = Calytrix 
Lindsayom yrtus 
Lophomyrtus 
Lophostemon 

Luma 

Lysicarpus 


Macropstdium = ? Rhodomyrtus 
Marlierea 

Marlieriopsis 

Mearnsia s. strictiss. 


Melaleuca 


Meteoromyrtus 

Metrosideros s. str. 
Micromyrtus 

Mitranthes s. str. 
Mitropsedium: = Psidium 
“Monocalyptus” = Eucalyptus s. str. 
Moorva = Cloézia 

Mosiera 

Myrceugenella = Luma 
Myrceugenia 

Myrcia 

Myrcianthes 

Myrciaria 

Myrciartopsis = Siphoneugena 
Myrrhinium 

Myrtastrum 

Myrtella 

Myrteola 

Myrtomera = Arillastrum 


Myrtopsis O. Hoffm. non Engl. = Eugenia 


Myrtus s. str. 


Nant = Xanthostemon 
Neomyrtus 
Nothomyrcia 


Octamyrtus 
Orthostemon = Feijoa 
Osbornia 


Paivaea 

Paramyrciaria 

Paramitranthes = Siphoneugena 
Pareugenia = Syzygium 
(Pericalymma — See Leptospermum) 
Phyllocalyx = Eugenia 
Phymatocarpus 

Pileanthus 


Pilidiostigma 
Piliocalyx 
Pilothecium 
Pimenta 
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43 L.Le.Lep 208 219 
49 L.Le.Cal 202 208 
113 M.Cr pl BN 
4] L.Le.Lep 178 184 
219 229 
(60) (L.Ch.Cha) 209 220 
20 L.Me.Lop 207 215 
103 M.Mt 210 231 
24 L.Me.Lop 198 207 
125 M.Eg DD) GNSS 
4 L.Me.Kan 206 214 
(99) (M.Mt) 210 222 
74 M.Mc 192 209 
109 M.Cr 171 ~=192 
7 L.Me.Met 183 184 
232 
47 L.Le.Cal 184 198 
230 232 
141 M.Eg 169 174 
14 L.Me.Met 174 183 
66 L.Ch.Cha 201 209 
77 M.Mc 209 +=220 
(88) (M.Mt) 210 
(40) (L.Ec.Euc) 208 217 
(3) (L.Me.Kan) 206 
87 M.Mt 174 +210 
(125) (M.Eg) 212 
79 M.Mc 209 220 
73 M.Mc 192 209 
126 M.Eg 172 +=194 
131 M.Eg ZN 225 
(134) (M.Eg) 212 226 
83 M.Mt 195 210 
105 M.Mt 210 231 
108 M.Mt 174 210 
93 M.Mt 210 8231 
(31) (L.Ec.Ang) 207 217 
(140) (M.Eg) IN, ENT] 
95 M.Mt 169 210 
(15) (L.Me.Xan) 198 206 
106 M.Mt 210 231 
78 M.Mc 192 209 
100 M.Mt 210 222 
(85) (M.Mt) 170 
116 M.Os 167. =—170 
112 M.Cr 171211 
132 M.Eg 174 39212 
(134) (M.Eg) 212 
(117) (M.Ac.Syz) 211 223 
(41) (L.Le.Lep) 219 
(140) (M.Eg) 212 
53 L.Le.Cal 208 228 
64 L.Ch.Cha 169 172 
229 231 
115 M.Cr 169 171 
122 M.Ac.Acm 192 211 
136 M.Eg 172 =+174 
82 M.Mt 170 =197 


232 


219 
222 
198 
230 


228 


216 
231 
231 


220 
211 
191 


202 


212 
184 
231 
228 


218 
221 
231 
220 


212 
226 


22 


231 


221 


221 
225 


232 
173 
232 
211 
224 
193 
210 


233 


228 


203 
231 


229 


229 


228 
221 
206 
203 


227 
191 


231 
223 


230 


222 


226 


198 


231 
228 
195 
221 


231 


204 
233 


233 


231 


222 
214 


208 


206 


225 


232 


228 


223 


229 


201 


212 
231 


205 


228 
229 


219 


215 


231 


231 


229 


209 


226 


251 


208 


231 
230 


228 


230 


232 


233 


228 


235 
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| Platyspermation — genus zncertae sedis not 


Myrtaceae | 
Pleurocalyptus 
Plinia s. str. 
“Pliniopsis” 
Pseudanamomis 
Pseudocaryophyllus 
Pseudoeugenia = Syzygium 
Pseudomyrcianthes 
Pstdiomyrtus = Rhodomyrtus 
Psidiopsis 
Psidium 
[ Psiloxylon, Psiloxylaceae | 
Purpureostemon 


Gen. nov.““R” 
Regelia 
Reichea 
Rhodamnia 
Rhodomyrtus 
Rylstonea 


Saffordiella = Myrtella 
“Schizocalyx” auct. = Stereocaryum 
Scholtzia 

Sinoga 

Siphoneugena 

Gen. aff. Siphoneugena 
Spermolepis = Arillastrum 
Stenocalyx = Eugenia 
Stereocaryum 


Symphyomyrtus 


Syncarpia 
Syzygium 


“Telocalyptus” 


Temu 

Tepualia 

Tetraeugenia = Syzygium 
Thryptomene 

Tristania s. str. 

Gen. aff. Tristania (“Parrot Creek”’) 
Tristaniopsis 


Ugni 
Uromyrtus 


Verticordia 


Gen. nov. ‘“W” 
Wehlia 
Whiteodendron 


Xanthomyrtus 
Xanthostemon 
Xenodendron = Acmena 
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16 L.Me.Xan 


137 M.Eg 
133 M.Eg 
130 M.Eg 
81 M.Mt 
(117) = (M.Ac.Syz) 
127 M.Eg 
(99) (M.Mt) 
89 M.Mt 
88 M.Mt 
17 L.Me.Xan 
21 L.Me.Lop 
52 L.Le.Cal. 
129 M.Eg 
101 M.Mt 
oo M.Mt 


44 L.Le.Lep 
134 M.Eg 
135 M.Eg 


25 L.Me.Lop 
117 M.Ac.Syz 
37 L.Ec.Sym 
80 M.Mt 

12 L.Me.Met 


(117) (M.Ac.Syz) 
65 L.Ch.Cha 
6 L.Me.Met 


5 L.Me.Met 
22 L.Me.Lop 
94 M.Mt 

104 M.Mt 


71 L.Ch.Cha 


23 L.Me.Lop 
63 L.Ch.Cha 
18 L.Me.Lop 


102 M.Mt 
15 L.Me. Xan 


173 
170 
212 
174 
212 
192 
211 
174 
210 
174 
170 
163 
206 


207 
208 
212 
184 
210 
174 


211 
227 
209 
208 
212 
212 
207 
193 
169 
173 
229 
170 
169 
195 
227 


173 
228 
210 
168 
211 
201 
206 
206 
183 


210 
210 


198 


207 
209 
191 


210 
184 


(124) (M.Ac.Acm) 212 


175 
206 
226 
212 
231 
210 
224 
212 
2, 
210 
210 
175 
215 


216 
228 
231 
210 
222 


209 


220 
219 
225 
226 
217 
212 
212 
184 
230 
183 
171 
198 
228 


184 


220 
206 
223 
209 
214 
214 
207 


231 
231 


201 


216 
231 
207 


230 
198 
225 


232 


209 


228 


214 


231 
206 


226 


235 
228 
222 


229 
232 


231 


229 


227 
208 
232 
207 
184 
220 
231 


192 


231 


229 


230 


228 


220 


228 


232 
215 


231 


232 


231 
217 
233 
216 
187 
223 
232 


197 


228 


229 


229 


232 


218 
229 
192 
224 
235 


208 


231 


231 


235 


228 % 


193 
225 


218 


232 


232 


B.G. BRIGGS AND L.A.S. JOHNSON 253 


References 


AmsHorF, G. J. H., 1958.— Notes on Myrtaceae VII. Myrtaceae of French Equatorial Africa. Acta Bot. 
Neerl., 7: 53-58. 

Bamber, R. K., 1962.— The anatomy of the barks of Leptospermoideae. Aust. J. Bot., 10: 25-54. 

BEHNKE, H. D., 1975.— The bases of angiosperm phylogeny: ultrastructure. dnn. Mo. Bot. Gard., 62: 
647-663. 

BENTHAM, G., 1865.— Myrtaceae. In, Bentham, G. and Hooker, J. D., Genera Plantarum. London: 
Reeve. 

——, 1867 (1866) .— Flora Australienszs, 3. London: Reeve. 

——, 1869. — Notes on Myrtaceae. J. Linn. Soc. London, Bot., 10: 101-166. 

BERG, O., 1855-56. — Revisio Myrtacearum Americae hucusque cognitarum s. Klotzschii “Flora Americae 
aequinoctialis” exhibens Myrtaceae. Linnaea, 27: 1-472. 

BEUSEKOM-OsINGA, R. J. VAN, 1977. — Crypteroniaceae. Flora Maleszana, I (8) : 187-205. 

, and BEUSEKOM, C. F. vAN, 1975.— Delimitation and subdivision of the Crypteroniaceae (Myrtales) . 

Blumea, 22: 255-266. 

BLAKE, S. T., 1977. — Allosyncarpia ternata, a new genus and species of Myrtaceae subfamily Leptosper- 
moideae from northern Australia. Austrobazleya, 1: 43-46. 

BLuME,C. L., 1850 (1849).— Museum Botanicum Lugduno-Batavum, 1 (6). Leiden: Bril. 

Briccs,B. G., 1964. — The control of interspecific hybridization in Darwinia. Evolution, 18: 292-303. 

Burret, M., 1941a — Myrtaceen-Studien. Notzzbl. Bot. Gart. Mus. Berl., 15: 479-550. 

——, 1941b. — Myrtaceenstudien. II. Reprium Nov. Spec Regni Veg., 50: 50-60. 

CANDOLLE, A. P. DE, 1828.— Prodromus Systematis Naturalis Regni Vegetabilis, 3. Paris: Treuttel and 
Wurtz. 

CaR.LQuisT, S., and Depunr, L., 1977.— Wood anatomy of Penaeaceae (Myrtales): comparative, 
phylogenetic, and ecological implications. J. Linn. Soc. London, Bot., 75: 211-227. 

CAROLIN, R., 1967. — The concept of the inflorescence in the Order Campanulales. (Presidential Address) . 
Proc. Linn. Soc.N.S.W., 92: 7-26. 

Carr, D. J. and Carr, S. G. M., 1959. — Developmental morphology of the floral organs of Eucalyptus. 1. 
The inflorescence. Aust. J. Bot., 7: 109-141. 

Carr, S. G. M. and Carr, D. J., 1966. — Cotyledonary stipules in the Myrtaceae. Nature, 210: 185-186. 

——, 1970.— Oil glands and ducts in Eucalyptus L’Hérit. 11. Development and structure of oil glands in 
the embryo. Aust. J. Bot., 18: 191-212. 

——, and Mitkovits, L., 1970.— Oil glands and ducts in Eucalyptus L’Hérit. III. The flowers of series 
Corymbosae (Benth.) Maiden. Aust: J. Bot., 18: 313-333. 

CORNER, E. J. H., 1976. — The Seeds of Dicotyledons, 2 vols. Cambridge: Cambridge University Press. 

Court, A. B., 1957.— Changes in the nomenclature of some Victorian dicotyledons. Vzctorzan Nat., 73: 
173-176. 

CroizaT, L., 1960 (1961).— Principia Botanica, 1b. Caracas: L. Croizat. 

CronguisT, A., 1968. — The Evolutzon and Classification of Flowering Plants. London: Nelson. 

DAHLGREN, R., and Rao, V. S., 1969.— A study of the family Geissolomataceae. Bot. Notzser, 122: 


207-227. 
Dawson, J. W., 1968a.— An analysis of flowers and fruits in New Zealand Metros¢deros. N.Z. J. Bot., 6: 
43-55. 
——, 1968b.— The vegetative buds of the New Zealand species of Metroszderos. N.Z. J. Bot., 6: 240-242. 
——, 1970a.— Pacific capsular Myrtaceae 1. Reproductive morphology of Arzllastrum gummiferum 


Panch. ex Baillon (New Caledonia). Blumea, 18: 431-440. 

——, 1970b.— Pacific capsular Myrtaceae 2. The Metrosederos complex: M. collina group. Blumea, 18: 
441-445. 

——, 1970c.— Pacific capsular Myrtaceae 3. The Metros¢deros complex: Mearnsza halconensis group and 
Metrosideros diffusa group. Blumea, 18: 447-452. 

——, 1972a.— Pacific capsular Myrtaceae 4. The Metroszderos complex: Xanihostemon, Nani, 
Pleurocalyptus, Purpureostemon. Blumea, 20: 315-322. 

——, 1972b.— Pacific capsular Myrtaceae 5. The Metrosideros complex: M. elegans group. Blumea, 20: 
323-326. 

——, 197Zc.— Pacific capsular Myrtaceae 6. The Metrosideros complex: M. perforata and the M. oper- 
culata group. Blumea, 20: 327-329. 

——, 1972d.— Pacific capsular Myrtaceae 7. Moorza. Blumea, 20: 331-334. 

——, 1972e.— Pacific capsular Myrtaceae 8. Tepualza. Blumea, 20: 335-337. 

——, 1974.— Pacific capsular Myrtaceae 9. The Metroszderos complex: M. queenslandica group. 
Blumea, 22: 151-153. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEW SOUTH WALES, Vol. 102, Part 4 


254 MYRTACEAE — INFLORESCENCE STRUCTURE 


——, 1975.— Capsular Myrtaceae 10. The Metroszderos complex: M. angustifolia (South Africa). 
Blumea, 22: 295-297. 

——, 1976.— Pacific capsular Myrtaceae 11. Redefinition of Metrostderos Banks ex Gaertn. and 
definition of infrageneric categories. Blumea, 23: 7-11. 

——., 1977.—Pacific capsular Myrtaceae 12. Trzstania (New Caledonia). Blumea, 23: 337-340. 

— , 1978.— Pacific capsular Myrtaceae 13. Melaleuca and Callistemon (New Caledonia). Blumea, 24: 


119-122. 

ERDTMAN, G., 1952.— Pollen Morphology and Plant Taxonomy. Angiosperms. Stockholm: Almgqvist 
Wiksell. 

EyprE, R. H., 1975.— The bases of angiosperm phylogeny: floral anatomy. Ann. Mo. Bot. Gard., 62: 
521-537. 


FAIRBROTHERS, D. E., Masry, J. J., SCOGIN, R. L., and Turner, B. L., 1975.— The bases of angiosperm 
phylogeny: chemotaxonomy. Ann. Mo. Bot. Gard., 62: 765-800. 

FERNANDES, A., 1971.— Contribution a la connaissance du genre Heteropyxts Harv. Mitt. Bot. St Samml. 
Miinchen, 10: 207-234. 

ForEMAN, D. B., 1978. — Notes on Basisperma lanceolata C. T. White (Myrtaceae). Brunonza, 1: 95-101. 

GuILLAUMIN, A., 1950.— Plantae neocaledonicae a C. Skottsberg a. 1949 lectae. Acta Horti Gotob., 18: 
247-265. 

Hart ey,T. G. and Craven, L. A., 1977.— A revision of the Papuasian species of Acmena (Myrtaceae) . 
J. Arnold Arbor. Harv. Univ., 58: 325-342. 

HEGNAUER, R., 1964-73.— Chemotaxonomie der Pflanzen, 3-6. Basel and Stuttgart: Birkhauser. 

HENDERSON,. M. R., 1949.— The genus Eugenza (Myrtaceae) in Malaya. Gard. Bull., Singapore, 12: 
1-293. 

Hickey,L., 1973. — Classification of the architecture of dicotyledonous leaves. Am. J. Bot., 60: 17-33. 

, and Wo fe, J. A., 1975.— The bases of angiosperm phylogeny: vegetative morphology. Ann. Mo. 

Bot. Gard., 62: 538-589. 

HoimcrenN, P.K., and KEukEn, W., 1974. — Index Herbariorum. Pt I. The Herbarza of the World, Sixth 
edition. Utrecht: Oosthoek, Scheltema, and Holkema. 

HuTcHINson, J., 1959.— The Families of Flowering Plants. I. Dicotyledons. Second edition. Oxford: 
Clarendon Press. 

Hy Lanp, B. P. M., and vAN STEENIS, C. G. G. J., 1973. — The generic identity of Xanthostemon brachyan- 
drus C. T. White: Lindsayomyrtus novum genus (Myrtaceae). Blumea, 21: 189-192. 

INGLE, H. D., and Dapswe i, H. E., 1953.— The anatomy of timbers of the south-west Pacific area. III 
Myrtaceae. Aust. J. Bot., 1: 353-401. 

Jacoss, M. R., 1955.— Growth Habits of the Eucalypts. Canberra: Commonwealth of Australia Forestry 
and Timber Bureau. 

Jounson, L. A. S., 1972.— Evolution and classification in Eucalyptus (Presidential Address). Proc. LINN. 
Soc. N.S.W., 97: 11-29. 

——, 1976.— Problems of species and genera in Eucalyptus (Myrtaceae). Plant Syst. Evol., 125: 155-167. 

, and BLAXELL, D. F. (in press). — New taxa and combinations in Eucalyptus — 4. Telopea, 1. 

, and Briccs, B. G., 1975.— On the Proteaceae — the evolution and classification of a southern 

family. J. Lenn. Soc., Londen, Bot., 70: 83-182. 

——., (in press).— Three old southern families — Myrtaceae, Proteaceae, and Restionaceae In, Keast. 
A.(ed.), Biogeography and Ecology of Australia, 1. The Hague: Junk. 

KausEL, E., 1956. — Beitrag zur Systematik der Myrtaceen. Ark. Bot., Ser. 2, 3: 491-516. 

——, 1957a.— Beitrag zur Systematik der Myrtaceen. II. Ark Bot., Ser. 2, 3: 607-611. 

——, 1957b.— Myrtaceae. In, Angely, J., Catalogo e Estatistica dos Géneros Botanicos Fanerogamicos, 
28: 1-4. Curitiba: Instituto Paran’ense de Botanica. 

—— 1962.— Zur Systematik von Pilothectum Kiarskou. Ark. Bot., Ser. 2, 4: 401-405. 

—— , 1967 (1966) . — Lista de las Mirtfaceas y Leptospermaceas argentinas. Lzlloa, 32: 323-368. 

KIAERSKOU, H., 1893. — Enumeratio Myrtacearum brasiliensium. In, Warming, E. (ed.), Symbolarum ad 
Floram Brasiliae Centralis Cognoscendam, 39: 1-200. Copenhagen: Gjellerup. 

KusiTzkI, K., 1969.— Chemosystematische Betrachtungen zur Grossgliederung der Dicotylen. Taxon, 18: 
360-368. 

LEGRAND, [C.] D., 1950. — Contribuciones mirtoldgicas argentinas. Darwiniana, 9: 280-305. 

——., 1961.— Mirtaceas del Estado de Santa Catarina (Brasil). Sellowia, 13: 265-363. 

——.,, 1975. — Sobre Pilothectum (Kiaersk.) Kaus. Bradea, 2: 33-40. 

McVaucu, R., 1956a.— Tropical American Myrtaceae. Notes on generic concepts and descriptions of 
previously unrecognized species. Fieldiana, Bot., 29: 143-228. 

—— , 1956b.— Tropical American Myrtaceae II. Notes on generic concepts and descriptions of previously 
unrecognized species. Fieldiana, Bot., 29: 391-532. 

——, 1968.— The genera of American Myrtaceae — an interim report. Taxon, 17: 354-418. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEw SOUTH WALES, Vol. 102, Part 4 


B.G. BRIGGS AND L.A.S. JOHNSON 255 


Martius, C. F. P. DE [VON], 1857. — Flora Brasiliensis. Enumeratio Plantarum in Brasilia. 14 (1). Leipzig: 
Fleischer. 

Mattos, J. R., 1967.— Britoa (Berg) Mattos, sub-genero de Campomanesia Ruiz et Pav. Loefgrenia, 26: 
1-72. 

Mayr, B., 1969.— Ontogenetische Studien an Myrtales-Bluten. Bot. Jahrb. Syst. Pflanzengesch. Pflan- 
zengeogr., 89: 210-271. 

MELcHIor, H., 1964. — Myrtales. In, Engler, A. (ed.) Syllabus der Pflanzenfamilien. I1: 345-366. Berlin: 


Borntraeger. 

MerriLL, E. D., 1937.— Aphanomyrtus Miquel and Pseudoeugeniza Scortechini. Blumea, Suppl. I: 
107-111. 

——, 1950.— Readjustments in the nomenclature of Philippine Eugenza species. Philipp. J. Sci., 79: 
351-424. 


——., and Perry, L. M., 1937. — Reinstatement and revision of Clezstocalyx Blume (including A cicalyptus 
A. Gray), a valid genus of the Myrtaceae. J. Arnold Arbor. Harv. Univ., 18: 322-343. 

——, 1938.— A synopsis of Acmena DC.., a valid genus of the Myrtaceae. J. Arnold Arbor. Harv. Univ., 
19: 1-20. 

——, 1939.— The Myrtaceous genus Syzygzwm Gaertner in Borneo. Mem. Am. Acad. Arts Sci., 18: 
135-202. 

METCALFE, C. R., and Cuark, L., 1950. — Anatomy of the Dicotyledons. 2 vols. Oxford: Clarendon Press. 

Mojica, M. B., and CuTLer, D. F., 1974.— Taxonomic implications of anatomical studies on the 
Oliniaceae. Kew Bull., 29: 93-123. 

MULLER, J., 1975. — Note on the pollen morphology of Crypteroniaceae s.1. Blumea, 22: 275-294. 

NIEDENZU, F., 1898. — Myrtaceae. In, Engler, A., and Prantl, K., Die naturlichen Pflanzenfamilien. 3 (7) : 
57-105. Leipzig: Engelmann. 


OrcHARD, A. E., 1975.— Taxonomic revisions in the family Haloragaceae I. The genera Haloragis, 
Haloragodendron, Glischrocaryon, Meziella and Gonocarpus. Bull. Auckland Inst. Mus., 10: 
1-299. 


Perry, L. M., 1950.— Notes on some Myrtaceae of Fiji. J. Arnold Arbor. Harv Univ., 31: 350-371. 

Petir, L.-A., 1908.— Recherches sur la Structure Anatomique du Fruit et de la Graine des Myrtacées. 
[ Thesis, Université de Paris. ] Lons-le-Saunier: Lucien Declume. 

Pryor, L.D., 1976.— The Biology of Eucalypts. London: Edward Arnold. 

, and JOHNSON, L. A. S., 1971.— A Classtficatzon of the Eucalypts. Canberra: Australian National 

University Press. 

——.,, (in press) .— Eucalyptus, the universal Australian. In. Keast, A., (ed.), Bzogeography and Ecology 
of Australia, 1. The Hague: Junk. 

PuLieE, A. A., 1952.— Compendium van de Terminologie, Nomenclatuur en Systematiek der Zaadplanten. 
Third edition. Utrecht: A. Oosthoek. 

Rao, V.S., and DAHLGREN, R., 1969. — The floral anatomy and relationships of Oliniaceae. Bot. Notzser, 

227 160=W71- 
RickeTT, H. W., 1944. — The classification of inflorescences. Bot. Rev., 10: 187-231. 
——, 1955.—Materials for a dictionary of botanical terms — III. Inflorescences. Bull. Torrey Bot. Club, 


82: 419-445. 

Riepi, R., 1977.— A systems-analytical approach to macro-evolutionary phenomena. Q. Rev. Bzol., 52: 
351-370. 

Rorman, A. D., 1976.— Revisidn del género Campomanesia en la Argentina (Myrtaceae). Darwiniana, 
20: 327-340. 

Rourke, J., and Wrens, D., 1977.— Convergent floral evolution in South African and Australian 
Proteaceae and its possible bearing on pollination by non-flying mammals. Ann. Mo. Bot. Gard. 64: 
1-17. 

Scumip, R., 1972a.— A resolution of the Eugenda-Syzygium controversy (Myrtaceae). Am. J. Bot., 59: 
423-436. 


——, 1972b.— Floral anatomy of Myrtaceae. II.’ Eugenia. J. Arnold Arbor. Harv. Univ., 53: 336-363. 

——, 1972c.— Floral anatomy of Myrtaceae. I. Syzygzum. Bot. Jahrb. Syst. Pflanzengesch., Pflan- 
zengeogr. 92: 433-489. 

SEEMANN, B., 1865. — Flora Vitzensis. London: Reeve. 

SHAW, H. K. A., 1973.— A Dictionary of the Flowering Plants and Ferns, by J. C. Willis. Eighth edition. 
Cambridge: Cambridge University Press. 

SmITH-WuiteE S., 1950.— Cytological studies in the Myrtaceae. iii. Cytology and phylogeny of the 
Chamaelaucoideae. Proc. Linn. Soc., N.S.W., 75: 99-121. 

——, 1954. — Cytological studies in the Myrtaceae. iv. The subtribe Euchamaelaucinae. Proc. LINN. Soc. 
N.S.W., 79: 21-28. 

——, 1959.— Cytological evolution in the Australian flora. Cold Spring Harbor Symp. Quant. Bzol., 24: 
273-289. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEW SouTH WALES, Vol. 102, Part 4 


256 B.G. BRIGGS AND L.A.S. JOHNSON 


STAFLEU, F. A., and Cowan, R. S., 1976. Taxonomic Literature. Second edition. 1: A-G. Utrecht: Bohn, 
Scheltema and Holkema. 

STAUFFER, H. U., 1963.— Gestaltwandel bei Bliitenstdnden von Dicotyledonen. Bot. Jahrb. Syst. Pflan- 
zengesch., Pflanzengeogr., 82: 216-251. 

STEBBINS, G. L., 1974. — Flowering Plants: Evolution above the Species Level. Cambridge, Mass.: Belknap 
Press, Harvard University Press. 

STERN, W. L., and Brizicky, G. K., 1958.— The comparative anatomy and taxonomy of Heteropyxis. Bull. 
Torrey Bot. Club, 85: 111-123. 

STONE, B. C., 1962.— Myrtomera, a new generic name for Spermolepis Brongn. and Gris (Myrtaceae). 
Pac. Sci., 16; 241. 

SUESSENGUTH, K., 1950.— Amaranthaceae, Asclepiadaceae, Combretaceae, Geraniaceae, Meliaceae, 
Myrtaceae, Rhamnaceae, Rubiaceae. Mztt. Bot. StSamml., Miinchen. 1: 1-23. 

—— (TAKHTADZHYAN, A. L.), 1970.— Protskhozhdeniye i Rasselentye Tsvetkhovykh Rastenty. 
Oliver and Boyd. 

—— (TAKHTADZHYAN, A. L.), 1970.— Protskhozhdentye 7 Rasselenzye Tsvetkhovykh Rastenty. 
Leningrad: Izdatel’stvo “Nauka”. 

THONNER, F., 1915. — The Flowering Plants of Africa. London: Dulau. 

TuHorng, R. F., 1976.— A phylogenetic classification of the Angiospermae. Evol. Bzol., 9: 35-106. 

THULIN, M., 1975. —The genus Wahlenbergza s. lat. (Campanulaceae) in tropical Africa and Madagascar. 
Symb. Bot. Ups., 21: 1-223. 

TROLL,W., 1954. —Praktische Einfuhrung in die Pflanzenmorphologze. 1. Der Vegetative Aufbau. Jena: 
Gustav Fischer. 

——, 1957.—Praktische Einfiihrung in die Pflanzenmorphologie. 2. Die Bliihende Pflanze. Jena: Gustav 
Fischer. 

—— ,1964.—Die Infloreszenzen. Typologie und Stellung im Aufbau des Vegetationskorpers, 1. 1 Deskrip- 
tive Morphologie der Infloreszenzen; 11 Typologze der Infloreszenzen. Jena: Gustav Fischer. 

——, 1969.—Die Infloreszenzen. Typologie und Stellung im Aufbau des Vegetationskorpers, 2. II 
Monotele Synfloreszenzen. Jena: Gustav Fischer. 

Upuor, J. C. T., 1962. — Plant Hairs. Handbuch der Pflanzenanatomie IV (5). Berlin: Borntraeger. 

VuIET, G. J. C. M. vAN, 1976. — Wood anatomy of the Rhizophoraceae. Lezden Bot. Ser., 3: 20-75. 

, and Baas, P., 1975.— Comparative anatomy of the Crypteroniaceae sensu lato. Blumea, 22: 

173-195. 

WALKER, J. W., and Doy Le, J. A., 1975. — The bases of angiosperm phylogeny: palynology. Ann. Mo. Bot. 
Gard., 62: 664-723. 

WEBERLING, F., 1956. — Untersuchungen uber rudimentire Stipeln bei den Myrtales. Flora, 143: 201-218. 

—, 1958.— Uber das Vorkommen rudimentarer Stipeln bei den Lecythidaceae (s.].) und 
Sonneratiaceae. Flora, 145: 72-77. 

——, 1960.— Weitere Untersuchungen tiber das Vorkommen rudimentarer Stipeln bei den Myrtales 
(Combretaceae, Melastomataceae). Flora, 149: 189-205. 

——, 1963.— Ein Beitrag zur systematischen Stellung der Geissolomataceae, Penaeaceae und Oliniaceae 
sowie der Gattung Heteropyxis (Myrtaceae). Bot. Jahrb. Syst. Pflanzengesch. Pflanzengeogr., 82: 
119-128. 

——.,, 1965. — Typology of inflorescences. J. Linn. Soc. London, Bot., 59: 215-221. 

——, 1966.— Additional notes on the Myrtaceous affinity of Kanza eugenzozdes Schltr. Kew Bull., 20: 
517-520. 

White, C. T., 1951.— Some noteworthy Myrtaceae from the Moluccas, New Guinea, and the Solomon 
Islands. J. Arnold Arbor. Harv. Univ., 32: 139-149. 

WuiTE, F., 1977.— The underground forests of Africa: a preliminary review. Gard. Bull., Singapore, 29: 


57-71. 

WicuT, R., 1840-43.— Icones Plantarum Indiae Orientalis, or Figures of Indian Plants, 2. Madras: R. 
Wight. 

Witson, K. A., 1957.— A taxonomic study of the genus Eugenia (Myrtaceae) in Hawaii. Pac. Scz., 11: 
161-180. 


WUNDERLICH, R., 1971. — Die systematische Stellung von Theligonum. Oesterr. Bot. Z., 118: 329-394. 
Youne, D. J., and Watson, L., 1970. — The classification of dicotyledons: a study of the upper levels of the 
hierarchy. Aust. J. Bot., 18: 387-433. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEw SOUTH WALES, Vol. 102, Part 4 


1976 
1973 


1940 
1965 


1959 


1964 
1965 
1975 


1976 


1927 
1952 
1975 


1912 


1960 
1949 
1962 


1959 


1974 
1972 
1955 


1954 
1935 


1940 
1964 
1951 


1972 
1964 


1948 


1964 
1968 
1960 
1973 
1966 


1960 
1955 


1972 


LIST OF MEMBERS 257 


LIST OF MEMBERS 
(30th June, 1978) 
ORDINARY MEMBERS 


(An asterisk [*] denotes Life Member) 


Adamson, Donald Argyle, B.Sc.Agr., Ph.D., 31 Northwood Road, Northwood, N.S.W., 2066. 

Allen, Gerald Robert, B.A., Ph.D., Western Australian Museum, Francis Street, Perth, Western 
Australia, 6000. 

* Allman, Stuart Leo, B.Sc.Agr., M.Sc., 99 Cumberland Avenue, Collaroy, N.S.W., 2097. 

Anderson, Derek John, Ph.D., School of Botany, University of N.S.W., P.O. Box 1, Kensington, 
N.S.W., 2033. 

Anderson, Professor Donald Thomas, Ph.D., D.Sc., Department of Zoology, School of Biological 
Sciences, University of Sydney, N.S.W., 2006. 

Anderson, Mrs Jennifer Mercianna Elizabeth, B.Sc.Agr., 24 Watson Street, Bondi, N.S.W., 2026. 

Andrew, Mrs Phillipa Audrey, M.Sc. (née Croucher), 10 Black Street, Watsonia, Victoria, 3087. 

Andrews, Alan Edwin Joseph, A.S.T.C. (Civ.Eng.), M.I.E.Aust., 182 Narrabeen Park Parade, 
Mona Vale, N.S.W., 2103. 

Archer, Michael, B.A., Ph.D., Queensland Museum, Gregory Terrace, Fortitude Valley, Brisbane, 
Queensland, 4006. 

*Armstrong, Jack Walter Trench, 1 The Barricade, Castlecrag, N.S.W., 2068. 

Ashton, David Hungerford, B.Sc., Ph.D., 92 Warrigal Road, Surrey Hills, Victoria, 3127. 

Auld, Bruce Archibald, M.Sc.Agr., Ph.D., Agricultural Research Station, Forest Road, South 
Orange, N.S.W., 2800. 

Aurousseau, Marcel, M.C., B.Sc.(Hons), D.Litt.(Hon.), F.R.G.S., F.A.H.A., 229 Woodland 
Street, Balgowlah, N.S.W., 2093. 


Bain, Miss Joan Maud, M.Sc., Ph.D., 10/1 Spencer Road, Killara, N.S.W., 2071. 

Baker, Professor Eldred Percy, B.Sc.Agr., Ph.D., 40 Albert Road, Beecroft, N.S.W., 2119. 

Ballantyne, Miss Barbara Jean, B.Sc.Agr., N.S.W. Department of Agriculture, Private Mail Bag 
No. 10, Rydalmere, N.S.W., 2116. 

Bamber, Richard Kenneth, F.S.T.C., M.Sc., F.Inst.Wood Sci., 113 Lucinda Avenue South, 
Wahroonga, N.S.W., 2076. 

Barber, Mrs Nancy P., M.Sc., 65 Clissold Road, East Wahroonga, N.S.W., 2076. 

Barkas, John Pallister, B.Sc., 20 Medusa Street, Mosman, N.S.W., 2088. 

Barlow, Bryan Alwyn, B.Sc., Ph.D., School of Biological Sciences, Flinders University, Bedford 
Park, South Australia, 5042. 

Baur, George Norton, B.Sc., B.Sc.For., Dip.For., 3 Mary Street, Beecroft, N.S.W.,2119. 

*Beadle, Professor Noel Charles William, D.Sc., University of New England, Armidale, N.S.W.., 

2350. 

Beattie, Mrs Joan Marion, D.Sc. (née Crockford) , 2 Grace Avenue, Beecroft, N.S.W., 2119. 

Bedford, Geoffrey Owen, M.Sc., Ph.D., 87 Jacob Street, Bankstown, N.S.W., 2200. 

Bennett, Miss Isobel Ida, Hon. M.Sc., 19 Kirribilli Manors, 51-55 Upper Pitt Street, Kirribilli, 
N.S.W., 2061. 

Benson, Douglas Howard, B.Sc., Royal Botanic Gardens, Sydney, N.S.W., 2000. 

Bertus, Anthony Lawrence, B.Sc., Biology Branch, N.S.W. Department of Agriculture, Private 
Mail Bag No. 10, Rydalmere, N.S.W., 2116. 

Besly, Miss Mary Ann Catherine, B.A., Department of Zoology, School of Biological Sciences, 
University of Sydney, N.S.W., 2006. 

Blackmore, John Allan Philip, LL.B. (Syd.), 25 Holden Street, Ashfield, N.S.W., 2131. 

Blaxell, Donald Frederick, D.D.A., B.Sc., Royal Botanic Gardens, Sydney, N.S.W., 2000. 

Bourke, Terrence Victor, B.Sc.Agr., F.A.O., P.O. Box 1174, Apia, Western Samoa. 

Bower, Colin Charles, B.Sc., Agricultural Research Station, Bathurst, N.S.W., 2795. 

Boyd, Robert Alexander, B.Sc., Department of Botany, University of New England, Armidale, 
N.S.W., 2350. 

Brewer, Ilma Mary, D.Sc., 13 Wentworth Road, Vaucluse, N.S.W., 2030. 

Briggs, Miss Barbara Gillian, Ph.D., National Herbarium of N.S.W., Royal Botanic Gardens, 
Sydney, N.S.W., 2000. 

Brown, Kenneth R., B.Sc., School of Zoology, University of N.S.W., P.O. Box 1, Kensington, 
N.S.W. 2033. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEW SOUTH WALES, Vol. 102, Part 4 


258 


1975 


1949 
1931 


1968 
1970 


1960 
1959 


1927 
1968 
1975 
1934 
1949 
1956 


1976 
1957 


1975 
1936 
1956 
1959 
1975 
1971 
1975 
1932 
1956 
1956 


1968 
1950 


1956 


1975 
1975 
1972 
1974 
1967 
1971 
1954 


1952 
1976 


1953 


1967 
1947 


LIST OF MEMBERS 


Burchett, Margaret D., B.Sc., Ph.D., Dip. in Educ., Biology Education Unit, School of Life Scien- 
ces, N.S.W. Institute of Technology, Westbourne Street, Gore Hill, N.S.W., 2065. 
Burden, John Henry, | Havilah Street, Chatswood, N.S.W., 2067. 
*Burges, Professor Norman Alan, M.Sc., Ph.D., Vice-Chancellor, The New University of Ulster, 
Coleraine, County Londonderry, N. Ireland. 
Burns, James, B.A., A.A.S.A., 127 Plateau Road, Bilgola Plateau, N.S.W., 2107. 
Byrnes, Norman Brice, B.Sc., Dip.Ed., 5 Blaxland Court, Mount Omaney, Queensland, 4074. 


Cady, Leo Isaac, P.O. Box 88, Kiama, N.S.W., 2533. 

Campbell, Keith George, D.F.C., B.Sc.For., Dip.For., M.Sc., 17 Third Avenue, Epping, N.S.W.., 
2121. 

Campbell, Thomas Graham, 30 Froggatt Street, Turner, A.C.T., 2601. 

Canning, Miss Estelle Margaret, B.Sc. (Melb.), 50 Swan Street, Wangaratta, Victoria, 3677. 

Carey, Jan Elisabeth, B.A. (Hons), 63a Boundary Road, Wahroonga, N.S.W., 2076. 

Carey, Professor Samuel Warren, D.Sc., Geology Department, University of Tasmania, Hobart, 
Tasmania, 7000. 

Carne, Phillip Broughton, B.Agr.Sci.(Melb.), Ph.D.(London), D.I.C., C.S.I.R.O., Division of 
Entomology, P.O. Box 1700, Canberra City, A.C.T., 2601. 

Carolin, Professor Roger Charles, B.Sc., A.R.C.S., Ph.D., School of Biological Sciences, Depart- 
ment of Botany, University of Sydney, N.S.W., 2006. 

Carter, Jean Joyce, M.Sc., Ph.D., 8 Scott Street, Maroubra Bay, N.S.W., 2035. 

Casimir, Max, B.Sc.Agr., Biological and Chemical Research Institute, N.S.W. Department of 
Agriculture, Private Mail Bag No. 10, Rydalmere, N.S.W., 2116. 

Cawood, Peter, Department of Geology and Geophysics, University of Sydney, N.S.W., 2006. 

*Chadwick, Clarence Earl, B.Sc., 1/155 Herring Road, North Ryde, N.S.W., 2113. 

Chambers, Professor Thomas Carrick, M.Sc.(N.Z.), Ph.D., Botany School, University of Mel- 
bourne, Parkville, Victoria, 3052. 

Chippendale, George McCartney, B.Sc., 4 Raoul Place, Lyons, A.C.T., 2606. 

Chivas, Allan Ross, B.Sc., 11 Roland Avenue, Wahroonga, N.S.W., 2076. 

Cho, Kai Yip, B.Sc., Ph.D., Department of Microbiology, University of Sydney, N.S.W., 2006. 

Chowdhury, Saifur Rahman, M.Sc.(Dacca), Dip.Agr., Microbiology, Hutchins Crescent, House 
No. 30, Kings Langley, N.S.W., 2147. 

*Churchwood, John Gordon, B.Sc.Agr., Ph.D., “Erlangga”, Glen Shian Lane, Mount Eliza, 

Victoria, 3930. 

Cogger, Harold George, M.Sc., Ph.D., The Australian Museum, P.O. Box A285, Sydney South, 
N.S.W., 2000. 

Common, Ian Francis Bell, M.A., D.Agr.Sc., C.S.I.R.O., Division of Entomology, P.O. Box 1700, 
Canberra City, A.C.T., 2601. 

Cook, Mrs Margaret Lee (née Debenham), B.Sc., 42 Hunter Street, Strathfield, N.S.W., 2135. 

Crawford, Lindsay Dinham, B.Sc., Victorian Plant Research Institute, Department of Agriculture, 
Swan Street, Burnley, Victoria, 3121. 

Crook, Keith Alan Waterhouse, M.Sc., Ph.D. (New England), Department of Geology, Australian 
National University, P.O. Box 197, Canberra City, A.C.T., 2601. 


D’Arcy, William Francis, B.Sc., Department of Geology and Geophysics, University of Sydney, 
N.S.W., 2006. 

Daniels, Gregory, P.O. Box 165, Chester Hill, N.S.W., 2162. 

Das, Jagadish, M.B., B.S. 

Dawson, Professor Terence John, B.Rur.Sci., Ph.D., School of Zoology, University of New South 
Wales, P.O. Box 1, Kensington, N.S.W., 2033. 

De Nardi, Mrs Jan Christina, B.Sc.(Qld) (née Morrow), 42 William Street, Paddington, N.S.W., 
2021. 

Disney, Henry John de Suffren, M.A., The Australian Museum, 6-8 College Street, Sydney, N.S.W., 
2000. 

Domrow, Robert, B.A., D.Sc., Queensland Institute of Medical Research, Bramston Terrace, 
Herston, Queensland, 4006. 

Dyce, Alan Lindsay, B.Sc.Agr., 48 Queens Road, Asquith, N.S.W., 2078. 

Dyne, Geoffrey Robert, B.Sc., Department of Zoology, University of Queensland, St. Lucia, Queens- 
land, 4067. 


Edwards, Dare William, B.Sc.Agr., F.I1.W.Sc., Forestry Commission of New South Wales, Division 
of Wood Technology, P.O. Box 100, Beecroft, N.S.W., 2119. 

Edwards, Edward John, B.A., B.Sc., Dip.Ed., 38 Shirlow Avenue, Faulconbridge, N.S.W., 2776. 

Endean, Robert, M.Sc., Ph.D., Department of Zoology, University of Queensland, St. Lucia, 
Queensland, 4067. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEw SOUTH WALES, Vol. 102, Part 4 


1977 


1957 


1964 
1955 
1977 
1957 
1974 
1930 
1970 


1935 
1977 
1971 
1975 
1975 
1975 
1946 


1936 
1972 


1971 
1952 
1963 
1974 
1967 
1973 
1963 
1943 


1974 
1953 


1956 


1967 


1973 


1977 
1957 
1963 


1966 
1969 


1974 
1960 


1947 
1958 
1971 
1930 


1972 


LIST OF MEMBERS 259 


Engel, Brian Adolph, M.Sc., Ph.D., Department of Geology, University of Newcastle, Newcastle, 
N.S.W., 2308. 
Evans, Miss Gretchen Pamela, M.Sc., 27 Frederick Street, Taringa, Queensland, 4066. 


Facer, Richard Andrew, Ph.D., Department of Geology, University of Wollongong, N.S.W., 2500. 
*Fairey, Kenneth David, c/- Forestry Commission of N.S.W., P.O. Box 100, Beecroft, N.S.W., 2119. 
Faulder, R. J., P.O. Box 195, Coonamble, N.S.W., 2829. 
Filewood, Lionel Winston Charles, 26 Trelawney Street, Eastwood, N.S.W., 2122. 
Fox, Marilyn Dale, B.Sc., 9/5 Peach Tree Road, North Ryde, N.S.W., 2113. 
*Fraser, Miss Lilian Ross, D.Sc., 1 Laurence Street, Pennant Hills, N.S.W., 2120. 
Freeman, Brian Warwick, B.Sc. (Hons), 278 Annandale Street, Annandale, N.S.W., 2078. 


*Garretty, Michael Duhan, D.Sc., P.O. Box 217, Toorak, Victoria, 3142. 
Gemmell, Prem, Ph.D., 10/113 Hector Street, Chester Hill, N.S.W., 2162. 
Gerretson-Cornell, Luciano, Grad.Agr.Sc. (Univ. Florence) , 5/38 Judd Street, Cronulla, N.S.W.., 
2230. 
Glaister, John Patrick, B.Sc. (Hons),-c/- N.S.W. State Fisheries, N189 Grosvenor Street, Sydney, 


N.S.W., 2000. 

Gould, Rodney Edward, B.Sc., Ph.D., Geology Department, University of New England, Armidale, 
N.S.W., 2351. 

Greer, Allen Eddy Junior, B.A., Ph.D., The Australian Museum, 6-8 College Street, Sydney, 
N.S.W., 2000. 


*Griffiths, Mrs Mabel, B.Sc., (née Crust) , 54 Delmar Parade, Dee Why, N.S.W., 2099. 
Griffiths, Mervyn Edward, M.Sc., D.Sc., 80 Dominion Circuit, Deakin, A.C.T., 2600. 
Grigg, Gordon Clifford, Ph.D., Zoology Department, University of Sydney, N.S.W., 2006. 


Hamond, Richard, B.Sc., Ph.D., Department of Zoology, University of Melbourne, Parkville, 
Victoria, 3052. 
Hannon, Miss Nola Jean, B.Sc., Ph.D., 22 Leeder Avenue, Penshurst, N.S.W., 2222. 
Harden, Mrs Gwenneth Jean, M.Sc. (née Hindmarsh) , 86 Lyndes Road, Armidale, N.S.W., 2350. 
Hardie, John Robert, 26/351 Edgecliff Road, Edgecliff, N.S.W., 2027. 
Hardwick, Reginald Leslie, B.Sc., Parklands, 12c/1 Evelyn Avenue, Concord, N.S.W., 2137. 
Harris, Malcolm McDermid, B.A., 60 Sherwood Drive, Balgownie, N.S.W., 2519. 
Hewson, Miss Helen Joan, B.Sc. (Hons), Ph.D., Department of Botany, School of General Studies, 
Australian National University, P.O. Box 4, Canberra, A.C.T., 2600. 
*Hindmarsh, Professor Mary Maclean, B.Sc., Ph.D., 54 Milray Avenue, Wollstonecraft, N.S.W., 
2065. 
Holmes, William Brian Keith, “Noonee-Nyrang”, Gulgong Road, Wellington, N.S.W., 2820. 
*Hotchkiss, Professor Arland Tillotson, M.S., Ph.D. (Cornell), Department of Biology, University of 
Louisville, Louisville, Kentucky, 40208, U.S.A. 
*Hotchkiss, Mrs Doreen Elizabeth, Ph.D., B.A., M.A. (née Maxwell), 2440 Longest Avenue, 
Louisville, Kentucky, 40208, U.S.A. 
Hoult, Errol Hubert, B.Sc.(Hons), Department of Agronomy, University of New England, 
Armidale, N.S.W., 2351. 
Hutchings, Patricia Ann, B.Sc., Ph.D., The Australian Museum, P.O. Box A285, Sydney South, 
N.S.W., 2000. 


Inall, Ruth Jfula, 300 Falcon Street, North Sydney, N.S.W., 2060. 


Jackes, Mrs Betsy Rivers, B.Sc., Ph.D. (Univ. Chicago) (née Paterson), 8 Hibiscus Street, Cran- 
brook, Queensland, 4814. 

Jacobs, Miss Janice Lorraine, B.Sc., School of Biological Sciences, Department of Botany, Building 
A12, University of Sydney, N.S.W., 2006. 

Jacobs, Surrey Wilfred Laurence, Royal Botanic Gardens, Sydney, N.S.W., 2000. 

Jamieson, Barrie Gillean Molyneux, B.Sc., Ph.D. (Bristol), Zoology Department, University of 
Queensland, St. Lucia, Queensland, 4067. 

Jenkins, Christopher James, B.Sc., 407 Bronte Road, Waverley, N.S.W., 2024. 

Jenkins, Thomas Benjamin Huw, Ph.D., Department of Geology and Geophysics, University of 
Sydney, N.S.W., 2006. 

Johnson, Lawrence Alexander Sidney, B.Sc., D.Sc., National Herbarium, Royal Botanic Gardens, 
Sydney, N.S.W., 2000. 

Jones, Edwin Llewelyn, B.A., P.O. Box 196, Leeton, N.S.W., 2705. 

Jones, Mrs Valerie, National Herbarium, Royal Botanic Gardens, Sydney, N.S.W., 2000. 

Joplin, Miss Germaine Anne, B.A., Ph.D., D.Sc., 96 Queen’s Parade East, Newport Beach, N.S.W., 
2106. 

Joseph, Miss Adela Helen, 29 Dudley Street, Pagewood, N.S.W., 2035. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEW SOUTH WALES, Vol. 102, Part 4 


260 


1960 


1974 
1975 


1948 


1937 
1976 


1978 


1975 
1932 
1934 
1936 


1978 
1975 


1965 
1964 
1943 
1966 
1957 


1975 
1958 


1951 
1968 
1922 


1977 
1977 
1931 
1948 
1970 
1963 
1966 
1951 


1957 
1956 


1965 
1975 
1973 
1974 
1944 
1975 


1952 


LIST OF MEMBERS 


Judd, Howard Kenniwell, Minnamurra Falls Forest Reserve, P.O. Box 14, Jamberoo, N.S.W., 2533. 


Kailola, Mrs Patricia Joan, B.Sc (Hons), c/- 36 Stanley Street, Woodville, S.A., 5011. 

Katchan, George, B.Sc.(Hons), Department of Geology and Geophysics, University of Sydney, 
N.S.W., 2006. 

Keast, Professor James Allen, M.Sc., M.A., Ph.D. (Harvard), Department of Biology, Queen’s 
University, Kingston, Ontario, Canada. 

Kesteven, Geoffrey Leighton, D.Sc., 12 O’Briens Road, Hurstville, N.S.W., 2220. 

Kilkeary, William Bernard, First Year Bldg Teaching Unit, University of New South Wales, P.O. 
Box 1, Kensington, N.S.W., 2033. 

Kruse, Peter David, B.Sc., Department of Geology and Geophysics, University of Sydney, N.S.W.., 
2006. 


Lanzing, Dr Willem Jan Rudole, School of Biological Sciences, University of Sydney, N.S.W., 2006. 

Lawson, A.A. Pty Ltd, “Rego House”, 23-25 Foster Street, Sydney, N.S.W., 2000. 

Lee, Mrs Alma Theodora, M.Sc. (née Melvaine) , Manor Road, Hornsby, N.S.W., 2077. 

Lee, Professor David Joseph, B.Sc., School of Public Health and Tropical Medicine, University of 
Sydney, N.S.W., 2006. 

Lee, Mrs Helen Mary, M.Sc., Botany Department, La Trobe University, Bundoora, Victoria, 3083. 

Leitch, Evan Charles, M.Sc., Ph.D., Department of Geology and Geophysics, University of Sydney, 
N.S.W., 2006. 

Lewis, Mrs Alison Kay, B.Sc. (Hons), Dip.Ed. (née Dandie), Flat 1, 13 Albert Road, Strathfield, 
N.S.W., 2135. 

Littlejohn, Murray John, B.Sc., Ph.D. (W.A.), Department of Zoology, University of Melbourne, 
Parkville, Victoria, 3052. 

Lothian, Thomas Robert Noel, Botanic Gardens, Adelaide, South Australia, 5000. 

Lovedee, Miss Lois Jacqueline, B.Sc. (A.N.U.), 11 Dundilla Road, French’s Forest, N.S.W., 2086. 

Luig, Norbert Harold, Ph.D., Faculty of Agriculture, University of Sydney, N.S.W., 2006. 

Lunney, Daniel Henry, B.Sc., 20 Datchett Street, Balmain, N.S.W., 2041. 

Lyne, Arthur Gordon, B.Sc., Ph.D., C.S.I.R.O., Division of Animal Physiology, P.O. Box 239, 
Blacktown, N.S.W., 2148. 


Macdonald, Colin Lewis, 7 Watford Close, North Epping, N.S.W., 2121. 
MacInnes, Mrs Christine D. (née Clarke) , B.Sc. (Hons) , 6 Boyle Street, Balgowlah, N.S.W., 2093. 
Mackerras, Ian Murray, M.B., Ch.M., B.Sc., A58/60 Wattle Street, Lyneham, A.C.T., 2602. 
Maclean, A.J.P., B.Sc. (Hons), 101 Burns Road, Springwood, N.S.W., 2777. 
Maclean, Mrs Shirley Gladys, B.Sc., 101 Burns Road, Springwood, N.S.W., 2777. 
*Mair, Herbert Knowles Charles, B.Sc., 111 Deepwater Road, Castle Cove, N.S.W., 2069. 
Marks; Miss Elizabeth Nesta, M.Sc., Ph.D., Queensland Institute of Medical Research, Bramston 
Terrace, Herston, Queensland, 4006. 
Martin, Helene Alice, Ph.D., School of Biological Sciences, School of Botany, University of New 
South Wales, P.O. Box 1, Kensington, N.S.W., 2033. 
Martin, Peter Marcus, M.Sc.Agr., Dip.Ed., Ph.D., Higher Education Board, Level 13, A.D.C. 
Building, 189-193 Kent Street, Sydney, N.S.W., 2000. 
Mather, Mrs Patricia (née Kott), M.Sc., Ph.D., Queensland Museum, Gregory Terrace, Fortitude 
Valley, Queensland, 4006. 
McAlpine, David Kendray, M.Sc., Ph.D., The Australian Museum, P.O. Box A285, Sydney South, 
N.S.W., 2000. 
*McCusker, Miss Alison, M.Sc., P.O. Box 703, Woden, A.C.T., 2606. 
McGarity, John William, M.Sc.Agr., Ph.D., Agronomy Department, School of Rural Science, 
University of New England, Armidale, N.S.W., 2351. 
McGillivray, Donald John, B.Sc.For., Dip.For. (Canb.), 2 Coonandoo Place, Castle Hill, N.S.W., 
2154. 
McKay, Samuel George, 25 Riverview Road, Oyster Bay, N.S.W., 2225. 
McLean, Ross Alistair, B.Sc., Ph.D., 18 Mulgarra Street, Northbridge, N.S.W., 2063. 
McLeod, Roderick Wilson, M.Sc.Agr., Department of Agriculture, Private Mail Bag No. 10, 
Rydalmere, N.S.W., 2116. 
Mercer, Professor Frank Verdun, B.Sc., Ph.D. (Camb.), School of Biological Sciences, Macquarie 
University, North Ryde, N.S.W., 2113. 
Merrick, John Rodney, B.Sc., M.Sc., School of Biological Sciences, Carslaw Building, University of 
Sydney, N.S.W., 2006. 
*Meyer, George Rex, B.Sc., Dip.Ed., B.A., M.Ed., Centre for Advancement of Teaching, Macquarie 
University, North Ryde, N.S.W., 2113. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEW SOUTH WALES, Vol. 102, Part 4 


1949 


1948 


1974 


1972 
1956 


1963 


1955 
1974 


1975 
1970 
1955 


1971 


1947 


1974 
1925 


1967 


1935 


1920 
1948 


1927 
1950 


1952 
1940 
1972 
1962 
1957 
1978 
1974 
1922 
1962 
1969 


1975 
1969 


1974 


1935 
1938 


1969 


LIST OF MEMBERS 261 


*Miller, Allen Horace, B.Sc., Dip.Ed., Office for Research in Academic Methods, A.N.U., P.O. Box 
4, Canberra, A.C.T., 2600. 
Millerd, Miss Alison Adele, M.Sc., Ph.D., C.S.I.R.O., Division of Plant Industry, P.O. Box 1600, 
Canberra City, A.C.T., 2601. 
Milthorpe, Professor Frederick Leon, B.Sc., M.Sc.,Agr., Ph.D., D.I.C., F Inst. Biol., D.Sc., School 
of Biological Sciences, Macquarie University, North Ryde, N.S.W., 2113. 
Mitchell, G. S., B.Sc.For., Dip.For.(A.F.S.), 24 Keswick Avenue, Castle Hill, N.S.W., 2154. 
*Moffat, Mrs Lynette Anne (née Holder), B.Sc., Ph.D., M.I.Biol., Department of Histology & 
Embryology, Anderson Stuart Building F13, University of Sydney, N.S.W., 2006. 
Moore, Barry Philip, B.Sc., Ph.D., D.Phil., C.S.I.R.O., Division of Entomology, P.O. Box 1700, 
Canberra City, A.C.T., 2601. 
Morgan, Mrs Eva, M.Sc., 191 Palatine Drive, Alhambra, California, 91801, U.S.A. 
Morris, Douglas Graham, B.Sc., Department of Geology and Geophysics, University of Sydney, 
N.S.W., 2006. 
Mory, Arthur J., Department of Geology and Geophysics, University of Sydney, N.S.W., 2006. 
Moulds, Maxwell Sidney, 14 Chisholm Street, Greenwich, N.S.W., 2065. 
Muirhead, Warren Alexander, B.Sc.Agr., C.S.I1.R.O., Irrigation Research Station, Private Mail 
Bag, Griffith, N.S.W., 2680. 
Myerscough, Peter J., M.A., D.Phil., School of Biological Sciences, Botany Building Al2, University 
of Sydney, N.S.W., 2006. : 


Nashar, Professor Beryl, B.Sc., Ph.D., Dip.Ed. (née Scott), 43 Princeton Avenue, Adamstown 
Heights, N.S.W., 2289. 

Na-Thalang, Miss Obchant, Department of Botany, Chulalongkorn University, Bangkok, Thailand. 

Newman, Ivor Vickery, M.Sc., Ph.D., F.R.M.S., F.L.S., 1 Stuart Street, Wahroonga, N.S.W.., 
2076. 

Nicholls, Anthony Oldham, B.Sc., Ph.D., C.S.I.R.O., Woodland Ecology Unit, P.O. Box 1666, 
Canberra City, A.C.T., 2601. 

*Noble, Norman Scott, D.Sc.Agr., M.Sc., D.I.C., Unit 21, 1 Lauderdale Avenue, Fairlight, N.S.W., 

2094. 

Noble, Robert Jackson, B.Sc.Agr., Ph.D., 50A Ada Avenue, Wahroonga, N.S.W.., 2076. 


O'Farrell, Professor Antony Frederick Louis, A.R.C.Sc., B.Sc., F.R.E.S., Department of Zoology, 
University of New England, Armidale, N.S.W., 2351. 

Osborn, Professor Theodore George Bentley, D.Sc., F.L.S. 

Oxenford, Reginald Augustus, B.Sc., 135 Victoria Street, Grafton, N.S.W., 2460. 


Packham, Gordon Howard, M.Sc., Ph.D., Department of Geology and Geophysics, University of 

Sydney, N.S.W., 2006. 
*Pasfield, Gordon, B.Sc.Agr., 1/70 Milson Road, Cremorne, N.S.W., 2090. 

Paxton, John R., Ph.D., 41 Eastern Valley Way, Northbridge, N.S.W., 2063. 

Payne, William Herbert, A.S.T.C., A.M.I.E. (Aust.), M.A.P.E., 860 Henry Lawson Drive, Picnic 
Point, N.S.W., 2213. 

Peacock, William James, B.Sc., Ph.D., C.S.I.R.O., Division of Plant Industry, P.O. Box 1600, 
Canberra City, A.C.T., 2601. 

Peou, Sarum, Dip.Min.Eng., Ph.D., Department of Geology, University of Newcastle, N.S.W., 
2308. 

Percival, lan George, 66 Sutherland Road, Beecroft, N.S.W., 2119. 

Perkins, Frederick Athol, B.Sc.Agr., 93 Bellevue Terrace, Clayfield, Queensland, 4011. 

Philip, Graeme Maxwell, M.Sc. (Melb.), Ph.D. (Cantab.), F.G.S., Department of Geology and 
Geophysics, University of Sydney, N.S.W., 2006. 

Phippard, John Harry, M.Pharm., Department of Botany, La Trobe University, Bundoora, 
Victoria, 3083. 

Phipps, Graeme Robert, 40 Hebe Street, Greenacre, N.S.W., 2190. 

Pickard, John, B.Sc.Agr., National Herbarium of N.S.W., Royal Botanic Gardens, Sydney, 
N.S.W., 2000. 

Pitman, Professor Michael George, M.A., Ph.D., Botany Building, School of Biological Sciences, 
University of Sydney, N.S.W., 2006. 

Pope, Miss Elizabeth Carington, M.Sc., C.M.Z.S., 8 Loorana Street, East Roseville, N.S.W., 2069. 

Pryor, Professor Lindsay Dixon, D.Sc., Dip.For., Department of Botany, School of General Studies, 
Australian National University, P.O. Box 197, Canberra City, A.C.T., 2601. 


Quinn, Christopher John, B.Sc. (Hons), Ph.D., Department of Botany, School of Biological Scien- 
ces, University of New South Wales, P.O. Box 1, Kensington, N.S.W., 2033. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEw SOUTH WALES, Vol. 102, Part 4 


262 


1962 
195] 


1951 
1953 


1957 
1964 


1967 
1946 
1974 
1958 
1972 
1932 
1967 
1975 
1974 


1970 


1962 
1919 
1973 
1976 
1977 


1975 
1965 


1961 
1975 
1950 
1948 
1975 


1959 
1975 


1975 
1953 
1971 


1976 
1945 


1937 
1960 


1968 


LIST OF MEMBERS 


Rade, Janis, M.Sc., Flat 28a, 601 St. Kilda Road, Melbourne, Victoria, 3000. 
Ralph, Professor Bernhard John Frederick, B.Sc., Ph.D. (Liverpool), F.R.A.C.I., School of 
Biological Sciences, University of New South Wales, P.O. Box 1, Kensington, N.S.W., 2033. 
Ramsay, Mrs Helen Patricia, M.Sc., Ph.D., School of Biological Sciences, University of New South 
Wales, P.O. Box 1, Kensington, N.S.W., 2033. 

Reye, Eric James, M.B., B.S., Entomology Department, University of Queensland, St. Lucia, 
Queensland, 4067. 

Reynolds, Miss Judith Louise, Ph.D., 118 Homer Street, Earlwood, N.S.W., 2206. 

Richardson, Barry John, Research School of Biological Sciences, Australian National University, 
P.O. Box 475, Canberra City, A.C.T., 2601. 

Richardson, Laurence Robert, M.Sc., Ph.D., F.R.S.N.Z., 4 Bacon Street, Grafton, N.S.W., 2460. 

Riek, Edgar Frederick, D.Sc., 19 Duffy Street, Ainslie, Canberra, A.C.T., 2602. 

Rienits, Keith Guenther, M.Sc., Ph.D., School of Biochemistry, University of New South Wales, 
P.O. Box 1, Kensington, N.S.W., 2033. 

Rigby, John Francis, B.Sc., Geological Survey of Queensland, 2 Edward Street, Brisbane, Queens- 
land, 4000. 

Ritchie, Alexander, B.Sc., Ph.D., 173c Kissing Point Road, Turramurra, N.S.W., 2074. 

*Robertson, Sir Rutherford Ness, C.M.G., F.R.S., B.Sc., Ph.D., F.A.A., Director, Research School 

of Biological Sciences, Australian National University, P.O. Box 475, Canberra City, A.C.T., 
2601. 

Rodd, Anthony Norman, B.Sc., Royal Botanic Gardens, Sydney, N.S.W., 2000. 

Rost, Frederick William Dickes, M.B., B.S., B.Sc.(Med.), Ph.D., D.C.P.(Lond.), Dip.R.H.S., 
School of Anatomy, University of New South Wales, P.O. Box 1, Kensington, N.S.W., 2033. 
Rowe, Francis Winston Edric, B.Sc., Ph.D., M.I.Biol., F.L.S., The Australian Museum, 6-8 

College Street, Sydney, N.S.W., 2000. 
Ruello, Nick Vincent, B.Sc., 1 Terrell Avenue, Wahroonga, N.S.W.., 2076. 


Sands, Miss Valerie Elizabeth, M.Sc., Ph.D., P.O. Box 1134, Jalan Pantai Bharu, Kuala Lumpur, 

West Malaysia. 
*Scammell, George Vance, B.Sc., 7 David Street, Clifton Gardens, N.S.W., 2088. 

Schicha, Eberhard, Dr, rer.nat., 2 Alfred Street, Woolwich, N.S.W., 2110. 

Schon, Richard W., 80 Moss Street, West Ryde, N.S.W., 2114. 

Scott, Martin Edward, B.Sc.(Eng.), F.I.D.A., A.F.A.I.M., M.I.M.H., M.R.E.I., M.R.A.O.U., 
M.R.A.S., 4 Walker Avenue, Edgecliff, N.S.W., 2027. 

Selby, Esmond John, Dip.Comm., P.O. Box 121, North Ryde, N.S.W., 2113. 

Selkirk, David Robert, B.Sc., Ph.D., School of Biological Sciences, Carslaw Building F07, University 
of Sydney, N.S.W., 2006. 

Selwood, Mrs Lynne (née Bedford), B.Sc., Ph.D., Department of Zoology, La Trobe University, 
Bundoora, Victoria, 3083. 

Shanker, Vivian Swee Lan, B.Sc., Dip.Ed., Tertiary Education Research Centre, University of New 
South Wales, P.O. Box 1, Kensington, N.S.W., 2033. 

*Sharp, Kenneth Raeburn, B.Sc., Snowy Mountains Engineering Corporation, P.O. Box 356, Cooma 

North, N.S.W., 2630. 

Shaw, Miss Dorothy Edith, M.Sc.Agr., Ph.D., M.B.E., F.A.1.S., Plant Pathology Branch, Meiers 
Road, Indooroopilly, Queensland, 4068. 

Short, John Robert Thomas, B.Sc., D.Phil., D.Sc., Department of Zoology, Australian National 
University, P.O. Box 4, Canberra, A.C.T., 2600. 

Simons, John Ronald, M.Sc., Ph.D., 242 Kissing Point Road, Turramurra, N.S.W., 2074. 

Singer, Robert Paul, B.Sc., Department of Geology and Geophysics, Edgeworth David Building, 
University of Sydney, N.S.W., 2006. 

Skinner, Stephen, B.Sc., Botany Department, University of Adelaide, South Australia, 5001. 

Smith, Eugene Thomas, 22 Talmage Street, Sunshine, Victoria, 3020. 

Smithers, Courtenay Neville, Ph.D., The Australian Museum, 6-8 College Street, Sydney, N.S.W., 
2000. 

Smith-White, Anthony Ross, B.Sc., 11 Alexander Avenue, Willoughby, N.S.W., 2068. 

Southcott, Ronald Vernon, D.Sc., M.D., D.T.M. & H., F.A.C.M.A., 2 Taylors Road, Mitcham, 
South Australia, 5062. 

Spencer, Mrs Dora Margaret, M.Sc. (née Cumpston), No. 1, George Street, Tenterfield, N.S.W., 
2372. 

Staff, Ian Allen, B.Sc., Dip.Ed., Ph.D., Department of Botany, La Trobe University, Bundoora, 
Victoria, 3083. 

Stanbury, Peter John, Ph.D., The Macleay Museum, School of Biological Sciences, University of 
Sydney, N.S.W., 2006. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEW SOUTH WALES, Vol. 102, Part 4 


, = 


1974 


1932 
1956 


1965 


1952 


1962 
1965 


1974 
1940 


1950 


1950 
1956 


1960 
1973 
1978 
1968 


1943 
1976 


1952 


1949 


1930 


1972 
1934 


1961 


1952 
1970 
1976 
1946 
1947 
1969 
1966 
1936 
1947 
1941 


1964 
1963 


LIST OF MEMBERS 263 


Stanisic, John, B.Sc. (Hons), School of Biological Sciences, Zoology Building, University of Sydney, 
N.S.W., 2006. 

Stead, Mrs Thistle Yolette, B.Sc. (née Harris), 14 Pacific Street, Watson’s Bay, N.S.W., 2030. 

Stephenson, Professor Neville George, M.Sc. (N.Z.), Ph.D. (London) , School of Biological Sciences, 
Department of Zoology, University of Sydney, N.S.W., 2006. 

Straughan, Mrs Isdale Margaret, B.Sc., Ph.D., Allan Hancock Foundation, University of Southern 
California, University Park, Los Angeles, California, 90007, U.S.A. 

Sullivan, George Emmerson, M.Sc.(N.Z.), Ph.D., Department of Histology and Embryology, 
University of Sydney, N.S.W., 2006. 

*Swinbourne, Robert Frederick George, F.L.S., 4 Leeds Avenue, Northfield, South Australia, 5085. 


Talbot, Professor Frank Hamilton, M.Sc., Ph.D., F.L.S., Macquarie University, North Ryde, 
N.S.W., 2113. 

Taylor, David John, M.Sc., 23 Ballaot Point Road, Birchgrove, N.S.W., 2041. 

Taylor, Keith Lind, B.Sc.Agr., c/- C.S.I.R.O., Division of Entomology, Stowell Avenue, Hobart, 
Tasmania, 7000. 

Tchan, Professor Yao-tseng, D.és.Sc. (Paris), Department of Microbiology, University of Sydney, 
N.S.W., 2006. 

Thompson, Mrs Joy, B.Sc. Agr. (née Garden) , 10 Alexander Avenue, Mosman, N.S.W., 2088. 

Thomson, James Miln, D.Sc.(W.A.), Department of Zoology, University of Queensland, St. Lucia, 
Queensland, 4067. 

Thorne, Alan Gordon, B.A., Department of Pre-History, Research School of Pacific Studies, 
Australian National University, P.O. Box 4, Canberra, A.C.T., 2600. 

Threlfall, Mrs Susan M., B.Sc., 29 Surrey Street, Minto, N.S.W., 2566. 

Till, Vaughan Scott, 23 Windarra Crescent, Wahroonga, N.S.W., 2076. 

Timms, Brian Victor, B.Sc. (Hons) , Science Department, Avondale College, Cooranbong, N.S.W., 
2265. 

Tindale, Miss Mary Douglas, D.Sc., 60 Spruson Street, Neutral Bay, N.S.W., 2089. 

Tumer, John Colin, B.Sc.Agric., M.S., Ph.D., Geography Department, University of Newcastle, 
N.S.W., 2308. 


Valder, Peter George, B.Sc.Agr., Ph.D. (Camb.), School of Biological Sciences, A12, Department 
of Botany, University of Sydney, N.S.W., 2006. 

Vallance, Professor Thomas George, B.Sc., Ph.D., Department of Geology and Geophysics, Univer- 
sity of Sydney, N.S.W., 2006. 

Vickery, Miss Joyce Winifred, M.B.E., D.Sc., F.L.S., Royal Botanic Gardens, Sydney, N.S.W., 
2000. 

Virgona, Christopher Terence Francis, B.Sc.(N.S.W.), 5 Burton Street, Mosman, N.S.W., 2088. 

*Voisey, Professor Alan Heywood, D.Sc., 9 Milton Street, Carlingford, N.S.W., 2118. 


Walker, Professor Donald, B.Sc., M.A., Ph.D., F.L.S., Department of Biogeography and Geomor- 
phology, Research School of Pacific Studies, Australian National University, P.O. Box 4, 
Canberra, A.C.T., 2600. 

Walker, John, B.Sc.Agr., Biological and Chemical Reseach Institute, N.S.W. Department of 
Agriculture, Private Mail Bag No. 10, Rydalmere, N.S.W., 2116. 

Walker, John Charles, B.Sc., School of Public Health and Tropical Medicine, University of Sydney, 
N.S.W., 2006. 

Wallace, Harry Lachlan, B.E.(Mech.), 25 York Street, Beecroft, 2119. 

Wallace, Murray McCadam Hay, B.Sc., P.O. Box 1759, Canberra City, A.C.T., 2601. 

Ward, Mrs Judith, B.Sc., 16 Mortimer Avenue, New Town, Hobart, Tasmania, 7008. 

Warren, Alison Anne (née Howie), B.Sc., Ph.D. (Cantab.), Department of Zoology, La Trobe 
University, Bundoora, Victoria, 3083. 

Wass, Robin Edgar, B.Sc. (Hons) (Qld), Ph.D., Department of Geology and Geophysics, University 
of Sydney, N.S.W., 2006. 

Waterhouse, Douglas Frew, C.M.G., D.Sc., F.R.S., C.S.I.R.O., P.O. Box 1700, Canberra City, 
A.C.T., 2601. 

*Waterhouse, John Teast, B.Sc., M.Sc.(N.S.W.), M.Sc. (R’ding), F.L.S., School of Botany, Univer- 
sity of New South Wales, P.O. Box 1, Kensington, N.S.W., 2033. 

Watson, Professor Irvine Armstrong, Ph.D., B.Sc.Agr., Plant Breeding Institute, P.O. Box 180, 
Castle Hill, N.S.W., 2154. 

Webb, Mrs Marie Valma, B.Sc., 30 Talford Street, Glebe, N.S.W., 2037. 

Webby, Professor Barry Deane, Ph.D., M.Sc., Department of Geology and Geophysics, University of 
Sydney, N.S.W., 2006. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEW SOUTH WALES, Vol. 102, Part 4 


LIST OF MEMBERS 


Weng, Herman, B.Sc., M.Sc., Fisheries Research Station, P.O. Box 5, Deception Bay, Queensland, 
4508. 

Whiffen, Trevor, M.A., Ph.D., F.L.S., Department of Botany, La Trobe University, Bundoora, 
Victoria, 3083. 

Williams, John Beaumont, B.Sc., Botany Department, University of New England, Armidale, 
N.S.W., 2351. 

Williams, Neville John, B.Sc., Dr Wis.Nat. (Groningen), A.A.E.C. Research Establishment, Private 
Mail Bag, Sutherland, N.S.W., 2232. 

Wilson, Mrs Karen Louise (née Solline) , B.Sc.Agr., Royal Botanic Gardens, Sydney, N.S.W., 2000. 

Wilson, Peter Gordon, B.Sc. (Hons), 12 Arthur Street, Dee Why, N.S.W., 2099. 

Wood, Alec Edward, B.Sc.Agr., Ph.D:, 64 Rosa Street, Oatley, N.S.W., 2223. 

Woodward, Thomas Emmanuel, M.Sc.(N.Z.), Ph.D. (Lond.), D.I.C., Department of Entomology, 
University of Queensland, St. Lucia, Queensland, 4067. 

Wright, Anthony James Taperell, B.Sc., Ph.D., Department of Geology, University of Wollongong, 
Wollongong, N.S.W., 2500. 


Young, Graham Rhys, c/- D.A.S.F., Bubia via Lae, Papua New Guinea. 


CORRESPONDING MEMBERS 


Burgess, Rev. Colin, 2 Hamilton Row, Yarralumla, A.C.T., 2600. 

Hill, Professor Dorothy, Ph.D., D.Sc., F.A.A., F.R.S., Department of Geology and Mineralogy, 
University of Queensland, St. Lucia, Queensland, 4067. 

Moore, Kenneth Milton, Prospect Street, Statue Bay, Yeppoon, Queensland, 4703. 

Racek, Albrecht Adalbert (Dr rer.nat. Brno. Czechoslovakia), c/- Post Office, Wooli, N.S.W., 
2462. 


INDEX 


Index 


Vol. 102 


Page 


Adamellite, the Durandal at Yetholme, New 
South Wales, geochemistry and 


heat generationin ........... 26 
Aggregation and reproductive diapause in 
Australian Coccinellidae....... 13 


Anderson, J.M.E., and Richards, A.M., 
First record of reproductive 
diapause and aggregation in 


Australian Coccinellidae 
(Coleoptera) ............... 13 
Annual General Meeting............... 1 


Archer, M., and Kirsch, J.A.W., The case 
for the Thylacomyidae and 
Myrmecobiidae, Gill, 1872, or 
why are marsupial families so 
extendediaau. Vani ear es 18 


Asilidae (Diptera) ................... 43 
Asilinae subfamily, a new Australian genus 

Ole ach aint catia is! ie okey ross 43 
Asilus blasto Walker, type species of new 

genus Aszola................ 43 
Astola,new Australian genus of subfamily 

ASIN Aerie eccue ea scarace Sees 43 
Asiola atkins, new species......... aie 43 
Asiola fasciata, new species............. 43 
Asiola lemniscata, new species........... 43 
Azotobacter, nitrogenase activity during the 

IS GQVEEOie oc cecceououc sons 36 
Balance: Sheets x: in. ee woe eee 7 
Briggs, B.G., and Johnson, L.A‘S., 

Evolution in the Myrtaceae — 

evidence from inflorescence struc- 

(UD oia crs ene eee Gemenen 2a ia aerate 157 
Browne, William Rowan, 1884-1975, 

Memorial Series No. 24........ 76 


Coccinellidae (Coleoptera), first record of 
reproductive diapause and 
aggregation in Australia....... 13 

Coral fauna, Silurian (Upper Llandovery) 
from the Woolomin Beds near 
Attunga, New South Wales..... 85 

Daniels, G., Aszola, a new Australian genus 
of the subfamily  Asilinae 


(Diptera: Asilidae) .......... 43 
Densoporites acanthodes, new species ..... 85 
Diapause, reproductive, and aggregation in 

Australian Coccinellidae....... 13 
Dicropsocus, new genus ............... 60 
Dicropsocus complexus, new species ...... 60 


Dicropsocus montanus, new species....... 
Dicropsocus rugosus, new species......... 
Dunedoonza reticulata, new genus and new 
SPCGlesi.y a. seis used se ees 
Durandal Adamellite at Yetholme, New 
South Wales, geochemistry and 
heat generationin ........... 
Epipsocidae (Psocoptera), a new genus and 
some new species of, from the 
Melanesian arc.............. 
Epipsocopsis fasciata, new species........ 
Eptpsocopsts macrostigma, new species ... . 
Epipsocopsis nebultfera, new species...... 
Epipsocopsis punctata, new species....... 
Evolution in the Myrtaceae, evidence from 
inflorescence structure ........ 
Facer, R.A., Geochemistry and _ heat 
generation in the Durandal 
Adamellite at Yetholme, New 
South Wales................ 
Funnell, G.R., and Tchan, Y.T., 
Nitrogenase activity during the 
life cycle of Azotobacter ....... 
Geochemistry and heat generation in the 
Durandal Adamellite at 
Yetholme, New South Wales... . 
Hall, R.L., A Silurian (Upper Llandovery) 
coral fauna from the Woolomin 
Beds near Attunga, New South 


Halysttes, corrugatus, new species........ 
Halysttes stellatus, new species........... 
Halysztes strongyloides, new species....... 
Heat generation, and geochemistry, in the 
Durandal Adamellite at 
Yetholme, New South Wales... . 


-Holmes, W.B.K., A pinnate leaf with 


reticulate venation from _ the 
Permian of New South Wales ... 
Hybridization between two species of 


Pseudophryne (Anura: 
Leptodactylidae) in the Sydney 
Basis ss sucess eco ame es 


Inflorescence structure, as evidence for 
evolution of Myrtaceae........ 
Jenkins, C.J., Llandovery and Wenlock 
stratigraphy of the Panuara area, 
central New South Wales ...... 
Johnson, L.A.S., see Briggs, B.G. 


265 


52 


26 


26 


36 


26 


26 


52 


131 


157 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEw SOUTH WALES, Vol. 102, Part 4 


2h al 


266 


Kirsch, J.A.W., see Archer, M. 

Lacertpora dactyliotdes, new species ...... 

Leptodactylidae (Anura).............. 

Llandovery and Wenlock stratigraphy of the 
Panuara area, central New South 


NW fal] eS) a a evar d Una Cae ae Le 
Marsupial families, Thylacomyidae and 
Myrmecobiidae, Gill, 1872, the 
Case fOr cae Rae aaa 


Mazaphyllum acclive, new species........ 
Members, listof............. Pears ota 
Memorial Series No. 24, William Rowan 
Browne, 1884-1975 .......... 
Memorial Series No. 25, Arthur Bache 
Walkom, 1889-1976.......... 
Myrmecobiidae, Gill, 1872 ............. 


Myrtaceae, evolution in the, evidence from 
inflorescence structure ........ 


Nitrogenase activity during the life cycle of 
AZO tobactennyn yi eae: 

Olive, L.S., see Shaw, D.E. 

Panuara area, central New South Wales, 
Llandovery and Wenlock 
Sthationaphyjofese ane ee 

Pinnate leaf with reticulate venation from 
the Permian of New South Wales 

Protostelid (Mycetozoa) recorded in 
Anas tralia sein itateitcal ean tene 

Protostelium mycophaga var. major Olive, 
MELONI O! 5 sccccaccdcncden: 


Pseudophyrne (Anura: Leptodactylidae), 
hybridization between two species 
of, in the Sydney Basin........ 


Report on the affairs of the Society for the 


INDEX 


109 


18 
85 
257 


76 


148 
18 


157 


36 


109 


52 


58 


58 


131 


Reticulate venation of a pinnate leaf from 
the Permian of New South Wales 

Reproductive diapause and aggregation in 
Australian Coccinellidae....... 

Richards, A.M., see Anderson, J.M.E. 

Shaw, D.E., and Olive, L.S., A rare 
Protostelid (Mycetozoa) recorded 
in Australiace sq uses wee 

Silurian (Upper Llandovery) coral fauna 
from the Woolomin Beds near 
Attunga, New South Wales..... 

Smithers, C.N., and Thornton, I.W.B., A 
new genus and some new species 
of Epipsocidae (Psocoptera) from 
the Melanesian arc........... 

Sydney Basin, hybridization between two 
species of Pseudophryne (Anura: 
Leptodactylidae) ............ 

Tchan, Y.T., see Funnell, G.R. 

shy lacomyidacsee ae eee eae 

Venation, reticulate, on a pinnate leaf from 

the Permian of New South Wales 

Arthur Bache, 1889-1976, 

Memorial Series No. 25........ 

Wenlock and Llandovery stratigraphy of the 
Panuara area, central New South 


Walkom, 


Woodruff, D.S., Hybridization between two 
species of Pseudophryne (Anura: 
Leptodactylidae) in the Sydney 
Basin, Australia............. 

Woolomin Beds, near Attunga, New South 
Wales, a Silurian (Upper Llan- 
dovery) coralfaunafrom...... 

Yetholme, New South Wales, geochemistry 
and heat generation in the 
Durandal Adamellite at ....... 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEW SouTH WALES, Vol. 102, Part 4 


Page 


58 


85 


60 


131 
18 
52 


148 


109 


131 


85 


Proceedings of the 
Linnean Society 
of New South Wales 


VOLUME 102 
Nos. 449-452 


CONTENTS OF PROCEEDINGS, VOLUME 102 


PART 1 (No. 449) 


(Issued 28th September, 1977) 


CONTENTS 


Annual General Meeting: 
Report on the affairs of the Society for the year.................... 


LBieulenavere S)] ovever espana ah Wie RN aoe a TGP eeIR aa a Oe aot UR eee errata pee A 


ANDERSON, J.M.E., and RICHARDS, AOLA M. First record of reproductive 
diapause and aggregation in Australian Coccinellidae (Coleoptera) .... 


ARCHER, M., and KIRSCH, J.A.W. The case for the Thylacomyidae and 
Myrmecobiidae, Gill, 1872, or why are marsupial families so extended?. . 


FACER, R.A. Geochemistry and heat generation in the Durandal Adamellite 
atmvetholme: NewsSouth: Wales) ei5 cc os yi se ite oe rela ell Sy SU Sean 


FUNNELL, G.R., and TCHAN, Y.T. Nitrogenase activity during the life cycle 
OlPNZOCOWACTCT sie eens ie ee, ety us cate Jol Ss, Mae eae Sap ail aig o cacaw a Se eapetrae res aitach aM 


PART 2 (No. 450) 


(Issued 26th October, 1977) 


CONTENTS 


DANIELS, G. Asiola, a new Australian genus of the subfamily Asilinae 
(DipteravAsilidae) po es ee eines ec lied a Cah MIE ae 


HOLMES, W.B.K. A pinnate leaf with reticulate venation from the Permian of 
INE WAS OUtl AW al lesticus seat ttn ee ses oh awa ee icclni eras cer ery ts gus Akr Ahae 


SHAW, D.E., and OLIVE, L.S. A rare Protostelid (Mycetozoa) recorded in 
JENS PE WB Ye aS) SEI a Rees CRE wth ln nea ea eg Ce 


SMITHERS, C.N., and THORNTON, I.W.B. A new genus and some new species 
of Epipsocidae (Psocoptera) from the Melanesian arc............... 


WILLIAM ROWAN BROWNE, 1884-1975 (Memorial Series No. 24)......... 


13 


18 


26 


36 


Page 


43 


DZ 


58 


60 


76 


PART 3 (No. 451) 


(Issued 5th July, 1978) 


CONTENTS 
Page 
HALL, R.L. A Silurian (Upper Llandovery) Coral Fauna from the Woolomin 
BedsmearAttungan New,southyWialesiege sire ee mee ieee 85 
JENKINS, C.J. Llandovery and Wenlock Stratigraphy of the Panuara Area, 
Central‘ New: SouthoWealeso.) i) ees Wises Aarne” GEM de eee Aenea a 109 
WoopRUFF, Hybridization between two species of Pseudophryne (Anura : 
Leptodactylidae) in the Sydney Basin, Australia ................... 131 
ARTHUR BACHE WALKOM, 1889-1976 (Memorial Series No. 25)........... 148 
PART 4 (No. 452) 
(Issued Oth, 1979) 
CONTENTS 
Page 
BRIGGS, B.G., and JOHNSON, L.A.S. Evolution in the Myrtaceae — evidence 
fromanflorescence'structure. 4) | athe set ee 157 
Iist of: Members.) . 2c, 2 OP om np awea ea ps 257 
Wander shai oa Unt e alteit an dae iho nM, Sie ier A ca aaa a ee 265 


Notesand instructions tor authorse) 4 ee 271 


NOTES AND INSTRUCTIONS FOR AUTHORS 771) 


The Proceedings of the Linnean Society of New South Wales contain original papers relative to “the 
Science of Natural History in all its branches”, and reports of business transacted at the meeting of the 
Society. 


NOTES AND INSTRUCTIONS FOR AUTHORS 


Original papers may be submitted for consideration for publication in the Society's Proceedings. 
Submission of a manuscript must imply that the contents are original and have not been published 
previously in the same, similar, or abbreviated form, and that no similar paper is being or will be submitted 
for publication elsewhere until it has been either (a) not accepted for publication by the Society or (b) 
withdrawn by the author. 


Papers submitted should embody the results of a significant piece of work. Interim reports, serialized 
studies and student theses should not be submitted. 


Papers are accepted for publication (or otherwise) by the Council of the Society after taking into 
consideration advice received from at least one referee. The decision of Council is final. 


Once accepted for publication a paper becomes the property of the Society, and copyright is vested in 
the Society. Reproduction of the author’s synopsis in abstracting journals is authorized. 


A paper may be withdrawn by the author at any time prior to acceptance. 


Papers may be submitted by members or non-members of the Society but a paper submitted by a non- 
member must be communicated by a member of the Society, and will not ordinarily be considered for 
acceptance before July in each calendar year. 


SUBMISSION OF MANUSCRIPTS 


Manuscripts should be forwarded to the Secretary, The Linnean Society of New South Wales, Science 
Centre, 35-43 Clarence Street, Sydney, N.S.W., 2000. 


Text and illustrations must be submitted in duplicate. The illustrations may be duplicated by any 
acceptable clear method and the duplicate set need not necessarily be identical in size with the originals. 
The author should retain a third copy for checking proofs. If a paper is not accepted for publication, the 
original copy of the typescript and illustrations will be returned to the author, but the duplicate copy may be 
retained by the Society. 


Owing to the ever growing costs of publication, authors are requested to write their papers clearly and 
concisely and exercise all reasonable economy in the number and form of illustrations and tables. 


Grants towards the cost of publication should be secured wherever possible from the author’s own 
institution or elsewhere; contributions from authors, especially non-member authors, may be requested at 
Council’s discretion, particularly in the case of lengthy papers, or those with numerous illustrations or 
tables. 


Manuscripts must be submitted in final, fully corrected form. Authors may be liable for the cost of 
proof corrections (if allowed) if the number of alterations and corrections is considerable. Authors are 
urged to submit their paper to a colleague for constructive criticism prior to final typing and submission for 
publication. 


MANUSCRIPTS 


Papers should be typewritten, double spacing throughout, on one side of quarto or foolscap paper, with 
at least one-inch margins all round. The desired position of all text-figures, maps and tables may be 
indicated in the margin. All pages should be numbered serially and securely fastened together. Papers 
should conform to the following general layout as far as practicable or appropriate: 


(a) Tztle.— The title should be concise but informative. The name(s) of the author(s) and the name 
of the institution where the work was carried out should follow the title. The name of a new taxon of plants 
or animals should not be included in the title. A short title appropriate for the running heading of 
subsequent pages may be suggested. The title, etc., should be on a separate page at the commencement of 
the typescript. 

(b) Synopsis.— A concise abstract (without abbreviations), preferably consisting of not more than 
about 200 words, should be supplied on a separate sheet and in treplicate. It should be complete in itself and 
indicate the scope of the work. It will be printed below the title of the paper; it will be available for reprint- 
ing by abstracting journals. 

(c) Table of Contents. — This should give the complete hierarachy of headings and sub-headings used 
in the subject-matter of the paper. It should be supplied on a separate sheet for guidance of the editor and 
will not ordinarily be printed. 


(d) Introduction, followed by the Subject Matter of the paper. Papers may be divided into sections 
described by short headings. 

(e) Discussion, Conclusions or Summary (if necessary). — This should summarize the conclusions 
reached rather than be a precis of the paper as a whole (cf! Synopsis) . 

(f) Acknowledgments, if any. 

(g) References. — The author, who is alone responsible for their accuracy, should carefully check all 
references against the text, to ensure especially that: 


(1) The spelling of authors’ names is consistent, and the dates, volume numbers and page numbers 
are correct. 
(ii) All authors quoted in the text are included in the list of references. 


272 NOTES AND INSTRUCTIONS FOR AUTHORS 


References should be cited in the text by the author’s name and date, e.g., Bullough (1939) or (Bullough, 
1939), according to context, and listed alphabetically under References thus: 


Bullough, W. S., 1939.— A study of the reproductive cycle of the minnow in relation to the 
environment. Proc. Zool. Soc. Lond., Ser. A, 109: 79-108. 


If more than one reference by the same author (s) published in the same year is cited, use a, b, etc., after the 
year in both text and list, e.g., Bullough (1939a). 


Titles of books must be given in full together with the place of publication, name of publisher and 
indication of edition if other than the first. 


Latin names of plants and animals (genera, species and their subdivisions) should be underlined to 
indicate italics. An initial capital letter must be used for Latin names of orders, families and similar names, 
but these should not be underlined. 


Abbreviations.— Only standard abbreviations should be used; authors should refer to the British 
Standard 1991: Part 1, 1976. Recommendations for Letter symbols, signs and abbreviations. The 
abbreviations of names of periodicals should conform to the International Code for the Abbreviation of 
Titles of Periodicals (ISO Standard, ISO 4 — 1972). 


Footnotes should be avoided as far as possible. 


Codes of Nomenclature.— The Botanical and Zoological Codes of Nomenclature must be strictly 
followed. If a new taxon is described, the institution in which the type material is deposited must be 
indicated. 


Language.— Papers in languages other than English are unlikely to be accepted for publication. 
Foreign authors are urged to seek assistance, if necessary, in rendering the paper in fluent English prior to 
submission. 


Measurements must be expressed in the metric system as far as practicable, and exclusively in scientific 
description. 


ILLUSTRATIONS AND TABLES 
The maximum dimensions available for either text-figures or plates are 20 X 12.5 cm. 


Black and white drawings and diagrams for text-figures should be in Indian ink on smooth white card 
such as Bristol board, the lines cleanly drawn, and due attention paid to the consequences of reduction. 
Graphs should similarly be in Indian ink on white card, or on faint blue-lined co-ordinate paper. Maps 
should be in Indian ink on white card or tracing linen; if the latter the linen should not be folded. Maps 
should be of a size and scale that can be conveniently reduced to the size of a single page. 


It is desirable that all black and white illustrations should be drawn 14-2 times the size that they will 
appear in print. 
Photographs for half-tone plates should be the size required for final reproduction or slightly larger, 


printed on glossy paper, of good contrast and best quality. A number of small photographs can be arranged 
tc form one plate. 


Illustrations for colour reproduction cannot be acd unless the author meets the difference in cost 
between black and white and colour reproduction. 


{}lustrations of all kinds should bear the author’s name and the number of each, lightly pencilled on the 
back, and their required orientation clearly indicated. 


Legends for illustrations should be typed on separate sheets at the end of the manuscript. Great care 
should be taken in stating magnifications of illustrations, making it clear whether numbers quoted refer to 
before or after reduction. 


Tables. — Tables should be numbered consecutively and referred to specifically in the text by number. 
Each table, together with a heading descriptive of its contents, should be submitted on a separate sheet. 
Elaborate tables should be avoided. 


GENERAL 


Proofs. — A set of galley proofs will be forwarded to the author who should correct and return them 
promptly to the Secretary. 


Reprints. — ‘Twenty-five reprints are supplied free to authors who are members of the Society. 
Additional reprints may be ordered at the authors’ expense, if desired. No free reprints are supplied to non- 
members, who may order the number required at their own expense. Orders for reprints should be placed 
with the Secretary immediately after the paper has been accepted for publication. Orders received after the 
paper has been printed may not be accepted. 


Joint Authorship. — In the case of papers by more than one author, one of them must accept res- 
ponsibility for all correspondence with the Society regarding the paper. 


Copies of the PROCEEDINGS OF THE LINNEAN SOCIETY OF NEw SOUTH WALES 
(with the exception of a few volumes and Parts) may be purchased from the Society, 
Science Centre, 35-43 Clarence Street, Sydney, N.S.W., 2000. 


Current charges for the PROCEEDINGS are: 


Volumes — $16.00 each for Ist Series (Volumes 1-10); $11.00 each for 2nd 
Series (Volumes 11-20) and all subsequent volumes. 


Parts — $5.00 each for all back Parts; $4.00 each for current Parts. For volumes 
of 5 or 6 Parts, $1.00 each for first and last Parts. 


Prices do not include postage. 


Subscription to the PROCEEDINGS — $20.00 per volume, plus $2.50 postage — 
$22.50. 


All prices in Australian currency. 


These charges may be revised from time to time, and inquiries should be 
addressed to The Secretary, Linnean Society of New South Wales, Science Centre, 35- 
43 Clarence Street, Sydney, N.S.W., 2000, Australia. 


The Society's PROCEEDINGS are printed and published for the Society by South- 
wood Press Pty. Limited, 80-92 Chapel Street, Marrickville 2204. 


PROCEEDINGS OF THE LINNEAN SOCIETY OF NEw SOUTH WALES 
ISSN : 0047-4746 
Coden: PLSW-A. 


Proceedings, Volume 102, Part 4, 1979 


CONTENTS 


BRIGGS, B. G., and JOHNSON, L. A. S. Evolution in the Myrtaceae — evidence 


from inflorescence structure. .... 


istomMembersa vee oe ee 


Page 


Wsi7) 
257 
265 


2a 


Sei i f do Pie 5 


th 
we.) 


A 


hat 

Nps kg 

cai 
oF 


ms 


{ 


ee Pee al i + ‘ 
Pye Hy a east , oe 
fi 2 i Dil Si Aaa 
r i 
' 
5 ' 


“as F Seam feds WI 


APR YOR 


Mews Giwe 


jt 


EE . 
= earn pitntidanateien ia ee mere 

Sh Chenery coe ee IE 
oe eae re aing sag ey get 
Pal BNA ee ee IE 


Dec ci ake ee ee 


Be eeu ee: 


A Te Ali 


we eas 
Ae sien: 
see emay 


* a ee 
OS ae emmy aire: 
nal ania tones eee 
indian een oe ae 
Sean eee ee > 


hom ot 


ihisbtard cae nin 
heeded ot ees 
ek i Tee 
poenets 


ae 
aoc 


Sherk eee ba tia 
pene 

Fehr tinsn aereaeh 

Metis (gina 

OES 4 Urge 

ON Fas ere ne 


panei tain on eke 


© PASS at 


PAPE Lene 
PPG reece 


TENS NEE 
et er ot Af S 


Rtehsenun Rice 
Z, _ na AIG Fore 7 mg: 
AAT eorhe : epee 


ore 
cent ata cea 
4 
SAL SHIR Ne LO Ee GA Reh weer oe 
A= BAMA SLs Qe 
parte reer iar 


SOS i BN on 
Ue spree lh 


ae 
TRA EUP Ss Wr qyoee ae 


Nb SU rare 
Woe ele trirseung 
Achaea tien 
APNE tee 


owe 
SAR © ree | is t eine tass 
barbed tad cas WRENS Ne Bien te eet 
Re OP brand ERG 


sa NOE 
PAPAL Np sly pet 
he 


Unser wire opt WP apeay eon 


Ve PA ENE NE 
AERP LAER pany 
a Te 
1p Aree emmy Ure pares 

ph. 


SSP anger eg NEO EERE Om Hot ccnp 
MAYEN ENE artim og 


PPS mR eme a) Sh4, 
: eran 
ey ere: 


ache 


nth Dein aed teeta eee 


etemhamatemaatet iter emia 
cueetchhenieemmaeaeT : 
sit em sinh i ieee eed 


at bette nbdel aces De tet ot tect elaeriaaant et ote eel ee 


os 
Hog Ra 64 ge yp mip e 
Senta pad 


Baa ys 
Nes hes 
en ee a 


nat dekingi tate a ele Let 
SOU GAP Nes pris an das dn mee 


